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PREFACE. 



Thb Text-Book on Qualitative Aualysia, written by one of 
uB, has proved by ita aucceaa that it meets the requirementB 
of large immbera of teachers and students. It furnishes a 
fairly complete course of work for a student who intends to 
make a study of Qualitative Analysis. 

We have long felt, however, that a smaller treatise would 
be useful to students of elementary practical chemistry and 
chemical analysis, who have the opportunity of working in a 
suitably equipped laboratory and under the direction of a 
teacher. The course of instruction in this book is adapted 
to those students who do not need so thorough a chemical 
tnuning as that which must be undertaken by the future 
professional and analytical chemist. This smaller book is 
therefore intended for the general students and the technical 
students of our schools and colleges. 

The book is divided into two parts, the first being devoted 
to General Chemistry, the second to Analytical Chemistry. 

Part I. comprises a course of instruction, which gradually 
presents the principles of chemistry to the student, by 
means of a selected series of experiments. 

This part commences with a description of the metric 
system of weights and measures. After this, concise 
directions are given for the preparation and use of some 
simple bench-apparatus. The student next studies the com- 
position of air and water, then the process of combustion 
and the properties of some ot the more important non-metals 
and their compounds. Many quantitative eiperimente are 
given, including some which illustrate the laws of chemical 
combination and of chemical equivalence, and the relation 
of acids to alkalis as regards their neutralising power. 

82551 ■ ' B" 



This part coQcludes with a selection of examples deeded 
to test the prc^iress of the student. 

Since it b now customary for the student in the Laboratory 
to work on parallel lines with the course pursued by the 
teacher in the lecture-room, it is anticipated that the instruc- 
tion given in this portion o£ the book will form a suitable 
basis upon which a teacher may found his lecture course. 
Throughout this part experiments have been selected which 
can be readily performed by a student; and experiments 
which are more suited for a lecture and require considerable 
manipulative skill have been purposely omitted. 

Fart II. describes the analytical reactions of the com- 
monly occurring metals and inorganic acid-radicles, and the 
methods of detecting them when they occur singly or in 
mixture. 

In order to keep this portion of the book within small 
dimensions, the reactions and methods of detection of the 
less commonly occurring metals and acid-radicles and of 
oi^nic substances have been omitted. 

In order to enable the course of work to be further 
curtailed, if necessary, some of the less important portions 
of the text have been printed in smaller type. These may 
be passed over by a student whose time is very limited. 

A glance at the Contents on pages vii-zvii will serve to 
indicate in greater detail the general arrangement and scope 
of the work. 

Chemical symbols and formulae have been freely used 
throughout the book. In order to assist beginners, the 
chemical name has always been associated with the formula 
when this is employed for the first time: lists of symbols 
and formulae, together with their corresponding names, have 
also been supplied in the Appendix. 

F. C. 

J. B. C. 

Lo^iDON, March IS DO. 
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APPARATUS FOR EACH BEWCH. 



The followiDg U a List of the Apparatus irbicb will be required 
by eaob itudeut for the following coarse of work. 

The uambers in brackets in this List refer to the paragraphs in tho 
book in which the spparatns is deacribed. 

Other apparatns will be ocoasionalty required, and will be nsed in 
conimoD b; the students working in the laboratory. 

Full descripQoDS of all Uboratory-apparatus and of the reagents 
required for Qualitative Analjiiis will be found in Clowes' Qualitative 
Jnalyaia, Section VIL 



1 BunBen-burner with tubing (ip). 

1 Test-tube staad, with ten ^ inch holes and two 1^ inch. 
12 Test-tubes, 6 inches by | inch. 

1 Teat-tube brush (29). 

2 Boiling-tubeB, 6 inches by 1 inch. 

2 Round glass plates, 3 inches acroBS. 
2 Porcelain dishes, 3 inches across. 

2 Watch-glasses, 2 inches across. 
1 Four-ounce conical flask. 

1 Wedgwood pestle and mortar, 4 inches across. 

1 Iron tripod-stand (fig. 27, page 32). 

1 Piece of coarse iron-wire gauze, 5 inches square. 

3 Glass funnels, 2-2^ inches across. 

Cut filter-papers, 3-5 and 4'5 inohea in diameter. 
3 Small beakers, 3 oz., 5 oz., and 7 oz. in capacity. 
3 Glass rods (26). 

1 Piece of platinum foil, 1 inch by 1^ inch. 

2 Pieces of mounted platinum wire (25)- 
1 Black's blowpipe (23). 

1 Pipe-clay triangle (fig, 27, pag« 32). 

1 Wash-bottle, 18 oz. in capacity (28). 

1 Retort-stand, rod 16 inches, 3 rings (fig. 29, page 41). 

1 Wooden filter-stand (fig. 44, page 73). 

1 Pair of gun-metal crucible tongs, 6 inches long. 

1 Ebonite spatula, 4 inches in length. 

1 Wicker draining basket, 10 inches by 8 (29). 
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GENERAL CHEMISTRY. 
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SECTION I. 



MEASUREMENT OF LBKOTH, AREA, VOLUUB, 

AND WEIGHT. 

RELATIVE DENSITY OP SOLIDS AND 

LIQUIDS. 



It is sraeutia] that tlie chemical Btndent, before aommeDoiiig any 
qnsntitati-ve meainremanti, should b« wiqaaiiited with the meamire- 
meuts deacribed below. 

It may, honereT, ba advisable, Id certain ooBas, to perform only 
the exeroises on length, volwne, and weight at the oommenoement of 
the ooDTse, and to reserre the remainder of the exaroises for a later 
»tage. 

If the meaenrementa have already been carried oat in the Phyaioa] 
laboratory, they need not be repeated. 

For couveuietice In reference, paragraph nnmbera are printed In 
the text in thick nninbers, and in eqnare braoketa at the top of 
each page. 



Thb Dboiual or the Mbtric Ststbh. 

I. The Uetric System. — The ayatem of measurement 
almost universally adopted for scientiGc investigations is 
known as the ' metric ' system. 

The standard of length is the metre. A bar of platinum 
is kept in Paris, which measures precisely this length at the 
temperature of 0° C. 

The metre was originally intended to be one 10,000,000th 
of that quadrant of the earth's surface, which is drawn from 
the North Pole to the Equator and which passes through 
Paris, The measurement of this quadrant was, however, not 

„, * .glc 



2 THE DECIUAL OR METRIC STSTEH. [l, 2, 

absolutely correct, and the standard metre does not there- 
fore exactly correapoud to the original definition. 

'the other measures of length are derived from the metre. 
The larger measures are multiples by ten, and the smaller 
ones are sub-multiples hy ten of the metre. This relation 
of the measures has led to the designation 'decimal.' 

It will be seen that measurements taken on this system 
Fia 1 ^'^ ^^"y conveniently written down in the 

usual decimal numerictd notation, and 
that a simple and direct relation exbta 
between the unit of volume, the unit of 
weight, and l^e unit of length (4, 11). 

In the EngUeh system of weights and 
measures, the relation between the mul- 
tiples and sub-multiples of the unit is 
arbitrary and wanting in uniformity, and 
no simple connection exists between the 
units of length, of volume, and of weight. 
The tables of weights and measures are 
fully set forth in the Appendix, and a refer- 
ence to these tables, and to the accom- 
panying explanatory matter, will fully 
illustrate the above statements. 
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Mbasubhmiht op Lxkgth. 
2. The Metre is the metric unit of 
length and is equal to 39-37 inches. It 
is divided into tenths, hundredths, and 
thousandths, and these divisions are named 
by prefixing the Latin terms deci, eenti, and 
wMU respectively to the word metre. 

The multiples of the metre, which are 

respectively ten, one hundred, and one 

Decimbtrb. thousand times as great as the metre, are 

designated by prefixing the Greek numerals, deka, hecto, and 

A»/o respectively to the ' metre.' 



3.] MEASUBEBIKNT OP LENGTH AND OF BUEFACB. 3 

These prefixes are employed in a precisely similar sense 
for distinguishing the different measures of area, of capacity, 
and of weight (3, 4, II). 

The diagram (fig. 1) represents one decimetre subdivided 
into centimetres and into millimetres. 

The sub-divisions and multiples of the metre are tabulated 
below, and the different columns indicate the relation of 
these units to the metre, and to the English units ; the last 
column states also the usual contractions of the French names. 
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The sub-divisions of the metre which are moat frequently 
used for chemical purposes are the centimetre and the milli- 

Exeroiie i. — Meosnre the length of a page of thia book in inchsB 
with a root-rule ; then make the same meaaureneuts by meana of a 
hair-metre rule, in deoimetrea, centimetrea, and milUmetrea. 

ExerolBea. — Onseheetofmled foolscap paper coant off twenty-one 
lines, and measure the distance of each line from the top line in inches ; 
make these measaremenls also in centimetres and millimetres. 

Exeroiaa 3. — Haik off two diatauces of one inch and of ten inches 

a paper ; then measure off the former length in millimetres, s 

latter Isiigtb in centimetres. ^^^\ B R A (t^JTV 



MbASUBSHBNT of AhKA OB SuHFACH.N^^CALIFOBjiit'^ 

3. The Unit of Area in the metric system is the square 
metre. 

Since in linear metric measure the values of the measures 
increase and diminish in multiples and sub-multiples of ten, 
it follows that in square metric measure the values will 
increase and dimiDish in multiples and aub-multiples of one 

'gl': 



4 MBABURKMKNT OP VOLUME OF SOUDS. [4, 5, 

hundred. Thus, since 1 decimetre ie equal to 10 centi- 
metres, it follows that I squnre decimetre will be equal to 
100 square centimetres. 
The sub-multiplea of a square metre are : — 
1 sq. cm. = 100 sq. mm. 

1 sq. dcm. = 10,000 „ „ 
1 sq. m. = 1,000,000 „ „ 
Eierdae 4.— Find tlie area of one sheet of single foolBoap paper in 
aqnare ceutimetr«a a.nd square inches, rememberiDg that the area of 
a rectungle ia obtained b; malti plying its length b; its breadtlt. 

Exercise 5. — Find the area of a pennj, a circular gUsa plate, and a 
filter paper in sq^. mm. and sq. dcm., remembering that the area of a 
plane circle ia equal to the aquare of ite radius multiplied by 3'14. 



MBASnnBB OF VomMB or CaP4CITY. 

4. The Standard of Tolume in the metric system is tbe 
cubic metre : aud since the value of the linear measures in 
the metric system Increase and diminish by multiples and 
by 8ul>-multiples of ten, the values of the cubic measures 
will increase and diminish by multiples and sub-multiples 
of one thousand. Thus : — 

1 cubic metre= 1,000 cubic decimetres (c. dcm.) 
= 1,000,000 cubic centimetres (c, c.) 
- 1,000,000,000 cubic millimetres (c. mm.) 



MxASnRBMENT OF VoLITMB OF SoUDS. 

5. For chemical purposes it is seldom necessary to 
. measure the volume of a solid. A few examples of the 
measurement of solids are, however, given below, iu order to 
familiarise the student with the relative volumes denoted by 
the cubic inch, the cubic decimetre, and the cubic centimetre. 
The volume of an irregular solid which is heavier than water can be 
obtained by the method described in Exercise S, par, 7. 

EierdBa 6. — Find the volume of a given rectangular block of wood 
in cb. IDS., iu cb, dcmi., and in c.cs. (Tbe volume of a rectangular 
solid— length x breadth x depth.) 



6, 7.] MKASUEEMKNT OF VOLDME OF LIQUIDS. 6 

EieTciae 7. — Find the volome of a cylindrical veswl in ob. ins. and 

in c. cs. (The rolnme of a cylinder - length x iquare of the radins k 
8-14.) 



Mbaburbhbht op Volume of Liquids. 

6. The direct measurement of the volume of a liquid and 
of a gas is an operation which must frequently be performed 
by the chemist, but the volume is also often ascertained 
indirectly. 

Thus the volume of a liquid may be calculated from its 
weight, if the specific gravity of the liquid is known ; and the 
voliune of a gaa may be indirectly measured by ascertaining 
the volume of a suitable liquid which the gas can displace. 

Hence the meaauremeut of the volume of a liquid ia one 
of the most common operations performed by the chemist. 

It has been found convenient to adopt a special series of 
unite for the measurement of the smaller quantities of 
liquid which are commonly dealt with in the laboratory. 
The standard unit selected for this purpose is the cubic 
decimetre or litre, and this contains 1000 cubic centi- 
metres. The litre, half-litre, quarter-litre, and cubic centi- 
metre are in constant use in laboratory measurements. 

The names of the multiples aud sub-multiples of the 
litre are formed by using the same prefixes as those which 
have been given in connection with linear measurement {2). 
A table of the metric measures of capacity, together with 
their English equivalents, ia given in the Appendia. The 
litre is equival^it to 1'76 pinte. 



Apparatus pok Mbasdrbmeni' op Liquid Volume. 
7. The Measuring Cylinder is generally used for measur- 
ing a comparatively large volume of liquid. It is a 
cylindrical vessel, which is graduated throughout the 
greater part of its length. The graduations indicate either 
cubic centimetres or multiples of cubic centimetres, according 
to the capacity of the cylinder. The top of the cylinder 



6 MKASUBING CYLINDBE AND FLASK. [s, 

is either furnished with a stopper (fig. 2) or is left per- 
manently open. When the measurement of a liquid is 
being taken, the level of the bottom of the curve of the 
liquid surface should be read off. Since the cylinder is 

Fio. 2. 




Tub UBABusma Ctlindkr. The Litre Flask. 

furnished with a continuous series of graduations, it may 
be used for measuring eitlier the total volume for which it 
is graduated, or any fraction of that volume, 

8. The Measuring Flask (tig. 3) is graduated for measur- 
ing only one definite volume of a liquid, and cannot be used 
for measuring fractions of that volume. The figure shows a 
flask for measuring one litre (1000 c.c.) Other coDvenient 
flasks in common use are those for measuring 600 c.c., 
250 C.C., and 100 c.o. 

The upper surface of the liquid, during measurement, is 
in the neck of the flask, and the lowest point of the curve 
(see fig. 7, p. 9) should just touch the etched mark. 

In fig. 3 two marks are shown. When the flask is filled 
up to the lower mark it contains exactly the volume stated ; 
when it is filled up to the higher mark, the stated volume 
may be poured out, or ddivered, from the flask. 



i.] THB FIPETfa. 7 

Exercise S.^AseertuD by dUplaeemenl the volume of a BoUd •>( 
irregalar shape, snob aa a glaaa stopper, b; filling a meBBDmig cjlindn 
to tlie 50 cc. mark with water, then entirely immeriing the stopper, 
and noting the increase of Tolume reipatered by the anrraoe of the liquid. 

Eierciae 9. — Aicertaiii by measarement the volame of a TCgoIarlj- 
shsped piece of metal, and compare- this Tolume with that obtained b; 
displac^ent (Exercise 8), 

9. The Pipette is used for delivering a small measured 
volume of a liquid. It usually consUts of a tube narrowed 
at both ends. 

Two kinds of pipette are in use. One of these has only 
one mark (fig. 5), and serves to deliver only 
one definite volume of liquid. The other 
(fig. 4) is graduated throughout the greater 
part of its length, aud serves to deliver either 
its maximum volume or a fraction of that 
volume. 

In ushig the pipette, the liquid is sucked up 
past the graduation mark, and is retained by 
placing the first finger quickly over the upper 
end. The pressure of the finger is then slightly 
relaxed, and the liquid is allowed to flow out 
until the lotDO" curve of its surface (fig. 7, 
page 9) just reaches the graduation ; the finger 
is then firmly pressed down again so as to arrest 
the flow. 

When the liquid is to be ' delivered ' from 
the pipette, the finger is removed, or its pres- 
sure is relaxed, until the liquid has flowed out, 
aud the pipette is then allowed to drain for a 
few seconds in a vertical position so as to deliver ^ 
the liquid which adheres to its inside. FirBriEs. 

Exeiciae 10. — Aacertaia whether the graduations of the measiiring 
cylinder correspond with those of the pipette, by filling the 10, 25, and 
EiOcc pi|>ettes sncceaiively with water to their niarka and emptying 
them into the graduated cylinder. The volume of liquid whicii is 
read off within the cylinder should correspond exactly with the volnme 
which has been added from each of the pipettes. 



tfi-' 



Enter the remlta i 
following example i— 
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10. Tbe Burette is used when it is necessary to ineasure 
moderate volumes of liquid with great accuracy. Two 
forms of burette are 
''*'■*■ shown in fig. 6. They 

consist of long tubes 
open at the top and 
narrowed at the bottom. 
One is closed by a glaas 
stopcock, and the other 
by means of a piece of 
rubber tubing and n 
pinchcock. 

The burette is gradu- 
ated to measure ccs., 
and each c.c. is sub- 
divided by graduations 
into tenths or fifths. 
The most convenient 
capacities for burettes 
are 35 c.c. and 50 c.e. 
The burette is com- 
pletely filled with liquid 
from tbe top, after the 
lower end has been 
closed. A little of the 
Burettes. Hqaid is then allowed 

to flow out through the 
tap or rubber tube in order to sweep out air-bubbles. The 
liquid is then allowed to flow out gradually, until the 



Fio. 7. 
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curved under surface, called the mcniscuB, just reaches the 
zero graduation near the top of the burette. The appear- 
ance of the meniscus is shown in 
fig. 7, and the Tolume of liquid 
shown in this figure would be read 
as 32 c.c. 

When the burette is to be used, 
the volume of liquid which it con- 
tains is read off, the stopcock is then 
opened, and as soon aa the requisite 
quantity of liquid has flowed out, 
the volume is again read off. The 
difference between the two readings 
gives the volume of the liquid which 
has flowed from the burette. <-^^-^ 

Tek Ebi>mahh*b 

A light glus float known aa Erdmann's Mmiimuh. Float. 

float (Gg, 8) ia aometinies used to iooiUtate 

the reading oF the liquid volume. The position of Uie horizontal luse 
on the centre of the float is read off on the burette. 

The accuracy of the measuring cylinder may be tested 
for every 25 c.c. of its capacity by means of the burette. 
Each of these spaces should contain exactly 25 c.c, of liquid 
measured from the burette. 

The accuracy of the pipette may be tested by closing it at 
its lower end by a stretched piece of rubber-band, the ends of 
which are fastened by thin copper wire round the pipette. 
The recently drained pipette is then carefully filled to the 
mark from the burette, and should register the same volume 
of liquid as that which has flowed from the burette. 



I. — Test the accuracy of the gradDation of the measuring 
cjlindera and of the pipettes bj filling them to their graduations by 
the corresponding volume from the burette. The interior of the 
cjlinders must be dried. Tlie pipettes must be filled and then emptied 
and drained for a few aocoiids before the water is introduced fkinj the 
burette. This difference of treatment is necessarj' because the cylinder 
b required to measure the Tolume of liquid which it anitains, the 
pipette to deliver the volume of liquid denoted at the graduation. 
Enter the results in columns as is shown in the table on page S. 



MEASmtEHENt OF UAS9. 



MEABtniEHENT OP MaSS. 

II. The ftnantity of Hatter in a Substance or its Mass 
ia obtained by comparing its mass with the mass of suit- 
able Btaadards. Theae standardB are iLsuaUy called weights, 
and the operation of ascertaining maas is called weighing. 

The Unit of Hass in the metric ajstem is the gram, 
and this is defined as the mtus of one cubic centimetre of 
water at i" C. 

The simple relation which exists in the metric system 
between the maas of a aubatance and its leogth and volume, 
leasens and simplifies calculatione ao considerably that 
multiples and sub-multiples of the gram are used by the 
acientific chemist to the exclusion of their English equiva- 
lents. 

The following table shows the metric weights ; — 

Tablk of Dkcimal Weights. 
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The weights which are most frequently used by i 
chemist are the gram and the kilc^ram. 



The Baijncb akd Weights. 

12. The Balance, which is shown in fig. 9, is sufficiently 

accurate tor the experiments described in this book. 

The beam (A) works upon agate knife-edges (D), and the 
pan hooks (F) are also auspended on knife-edges (E). By 
means of the lever (C), shown in front of the figure, the 
beam can be lifted bodily from the supporting pillar (B) : 



13.] THE BALANCE AKD WEIGHTS. 11 

the wear of the knife-edges, when the balance k not in use, 
is thus prevented. 

The pans (GG') are about 4 inches in diameter, and are 
removable. 

A pointer (HH), swinging in the front of a scale (I), 
serves to indicate when the pans are in equilibrium. This 
will be the case when the pointer oscillates through equal 
distances on each side of the zero mark of the scale. If the 
pans of the balance are not found to be in equilibrium 
when they are empty, equiUbrium may be attained by 



Tax BaIiAKce. 

tuniiog the nut (L), which is seen to the right baud of the 
beam, in the necessary direction on the screw-thread (K). 
The wooden base (M) of the balance should rest on a steady 
table. 

13. The Welj^itS.— A boi of weights ran^ng from 100 
grama to 1 centigram will be sufficient For the experiments 
described in this book. Since these weights are either 
miiltiples or submultiples of ten, the weight of a substance 
is most conveniently written down in the decimal notation. 

Thus a weight of 10 grams, 4 decigrams, 5 centigrams 
would be written 10'45 grams. 



12 THE PROCB^ OF WEIGHING. [w. 

The weights aa supphed by different makere are differ- 
ently marked. Thus the fractions of the gram which have 
been firet named may be marked in any of the ways shown 
below. 

0*4 grain= 4 decigTama = 40 centigrams = 400 milligmma. 
■05 „ =0-5 „ =6 „ =50 

Usually, however, they are marked either in decimal 
fractions of a gram or in milligrams. A little practice 
renders their use easy. 

If the balance ia not likely to be disturbed, the weights 
may be conveniently placed upon a 
piece of stiff cardboard, ruled off into 
as many squares as there are weights 
(fig. 10). £ach of these spaces is some- 
what larger than the weight which is 
to be placed upon it, and the value of 
„ ™ the weight is written on the square. 

Accordingly, when the weight is re- 
moved to the scale pan, its value may be at once read off 
from the square which is left uncovered. 
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—Remove all the weights from the boi. Draw in 
your note-book aa many squares as thera are weights, and mark them 
with the value of the weights aa is shown in fig. 10. Mark the 
weights less than a gram in fractions of a gram and in milligrams. 

14.— The Process of Weighing.— The following rules 
should be observed when a substance is being weighed ; — 

(a.) Bring the beam to rest by means of the lever before 
a substance or weight ia placed upon the pan of the balance. 

(b.) Place the substance which is to be weighed upon the 
left-hand pan of the balance and the weights upon the right- 
hand pan. 

(c.) Do not liandle the weiglits with the fingers, but lift 
them by means of the brass forceps. 

(d.) Place the weights upon the pan in a systematic 
order. Commence with a weight which is heavier than 
the 8ul>stance to be weighed, and substitute for this the 
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lighter weights in succesaion until the right one is found. 
Pursue a similar plan with the supplementary weights. 
This method aecuree an equipoise more quickly and certainly 
than a random selection of weights would do. 

(e.) The substance may be considered to be balanced by 
the weights when the pointer swings through equal distancee 
snccessiTely on both sides of the central mark of the 
graduated scale. 

(f.) Unless the substance is a solid of fair size, and will 
not injure the material of the balance, it must not be placed 
directly upon the scale-pan. 

(g.) Most substances can be weighed upon a watch-glass 
or in a small dish, which has been previously balanced, either 
by weights, or by small shot or pieces of lead or tinfoil. 

(h.) A substance should be weighed while its temperature 
is the same as that of the room ; if it is much colder or 
much hotter than the surrounding air, the body will appear 
. heavier or lighter than it should do. 

(i.) A noil-volatile liquid is weighed in a balanced beaker 
or dish ; a volatile liquid is weighed in a stoppered bottle. 

Exeicise 13. — Place weights amanating to flO gnica upon tha 
lefC-hand sc&Ie-pan, balance these by means of the other lower 
vcighta, and see if tbe weights on the right-hand pan add np exactly 
to 60 grams. 

Repeat the exercise by placing 6 grains and 0*6 grama respectively 
npoQ the left-hand pan, and connterpoising them aa before. 

Eiereiae 14. — Ascertain the weight of three coins or pieces of 
metat of which the weight iB known ; check and record the resulta 
in yonr note -book. 



Relation op Weight to Volume in the Metric System. 

15. It has been stated in paragraph 11 that the unit of 
weight is the mass of one cubic centimetre of water at 4' C, 
This simple relationship between volume and weight in the 
case of water affords a ready means of ascertaining the 
capacity of vesaels in which water can be weighed. It is 

'S'^ 
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only necessary for this purpoee to fill the previously weighed 
OF balanced vessel to the necessary point with water, at 
the temperature of 4° C, and to ascertain the weight in 
grains of the water which has been introduced. The number 
of grams of water will give the number of c.c. in its volume. 
Since water kept in the laboratory will usually have a 
temperature of about 15° '5 C, it is more convenient to use 
water at this temperature than at 4° C. for the above 
purpose ; for, without involving serious error, it may be 
considered that the volume occupied by 1 gram of water at 
15°' 6 C. is identical with the volume of the same weight at 
4° C. In fact most measuring vessels are actually graduated 
by making this assumption and by using water at 15°'6 C. 

A few exercises on the nomparison of the weight of water 
with its volume are appended. 

EzeroiiB 15. — Ueasure out 10 cc. of distilled wster from • pipette 
into a weighed beaker, and ascertain the increase of weight of the 
beaker. The numberof grams BhonldcorrespoDd to the nnmber ofcc. 
Kepeat the above process with the 20 cc sad with the GO c.c pipettes. 

Exercise 16.— AUow 10 cc, 20 cc, and 80 c.c of distilled water 
Buccesaivelf to flow from a burette into a weighed beaker. Weigh the 
beaker ftfter each addition of water, aod compare the weights and 
volumes respectivel; as before. These experiments, if the; are care- 
fully carried out, will serve to check the accnmc; of the burette. 

EzeialM 17. — Calibrate a Sank to hold 75 cc. as follows. Weigh 
a flask about SO c.c in capacity, and add 76 grammes to the weights on 
the pan. Then introduce distilltnl water carefully into the Auk until 
the balance is restored. The level of the upper sur&oe of the liquid 
should DOW be iu the neck of the flask. Scratch a line on the neck with 
a wetted file or with a diamond pencil just on a level with the lowest 
point in the under sorbce of the liquid. This will give the point to 
which the flask most he filled to hold 7S co. at the temperatore of the 
water used. 

Ezeiolae 18. — Test the accuracy of the 100 cc measuring flask by 
Mcertainiug the weight of water which it cootains when it is filled 
precisely to the mark. 



Relative Densitt, or Sfbgipic GRAvrrr. 
16, It will have been noticed that portions of different 

substances, which are of equal size, posseea very different 
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weights. A cubic inch of lead is four times as heavy as a 
cubic inch of glass, and eleven times as heavy as a cubic 

iDch of water. 

The Belative Density or Spedflc Gravity of a substance 
is the'ratio between the weight of a certain volume of the 
substance and the weight of an equal volume of a standard 
sul»tance. Since the standard tor solid and liquid sub- 
stances is water, and in the above example lead is stated to 
be eleven times as heavy as an equal volume of water, the 
specific gravity of lead is 11. 

The specific gravity of a substance can therefore be 
Rscertained by dividing the weight of the substance by the 
weight of an equal volume of water. 

Water »t 4° C. U the BtsniUrd of specific gravity ; but it is foDoil 
more convenient for ordiaary purposes to employ water at the average 
tenipetatuTs of the laboratory, which U 1G°'(> C. 

ly. Specific Oravity of a Solid Heavier than Water.— 
When a heavy solid is immeised in water, it displaces its 
own volume of water ; it also apparently loses a part of its 
weight, and this is equal to the weight of the water displaced. 
Hence the specific gravity of such a solid may be found by 
dividing the weight of the solid taken in the air by the loss 
of weight which it suffers by complete immersion in water. 

If W = the weight of the solid in the air 
and Wj=the weight of the solid in water, 

then the Spec. Grav. of the solid = ^ — — -. 

In applying this method the solid substance is first 
suspended, by means of a fine silk thread, about midway 
between the beam of the balance and the scale-pan, and it 
is then weighed. 

A beaker nearly full of distilled water at 15*5 C. is then 
brought up under the substance imtil the substance is 
totally immersed in the liquid, the beaker being supported 

'glc 
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on a wooden bridge, which is placed over the left hand pan 
in such a way as not to impede ita movement (fig. 11). 
Care must be taken that any air-bubblea which adhere to 
the immeraed solid are bnished off, and that the solid does 
not touch the aides or bottom 
^'°- "■ of the beaker. 

The substance is then again 
weighed while it ia totally 
immeraed in the water, and 
its specific gravity ia cal- 
culated as is described above. 
Exeroiae ig. — Ascertun the 
specific gravity of a solid gUas 
stopper, of k piec« of calo-spar, 
and of a piece of lead ia the 
manner deacrilied above. 

18. Specific Gravity of a 

Liquid. — The usual method 

for determining the specific 

gravity of a liquid consists 

in first finding the weight 

of water at 15°-5 C. which 

. suitable bottle of known 

weight will hold. The bottle is then filled with the liquid 

of which the specific gravity is required, and its weight ia 

„ -„ again ascertained. The specific gravity is 

obtained by dividing the weight of the 

liquid which fills the bottle by the weight 

of the water. 

The ordinary specific gravity bottle with 
a perforated stopper may be iised for this 
purpose {fig, 12). 

A coDTenient snbstitate may be made by remov- 
ing the stopper from a one-ounca bottle, and filing 

Obavitt Bottle. " ^'^"^ ^"^^ ''" 6™"°** '"''''"'^ '* right-angles 
to the base, by means of a wetted triangular fde. 

Clean and dry the bottle and ascertain its weight. Then 

fill the bottle up to the top of the neck with distilled water 



Wbiqhimo a SoLin in Water. 



'S^^ 



18.] SPECIFIC OEAVITY OP i. UQVID. 

at 15°'5 C, and insert the stopper. The water should ( 
pletely fill the bottle and the groove or perforation in 
stopper. 



Sometimes it it mote coareoient to pour the distilled water into the 
battle aad then to briug ita tcmperatnre to 16°'G by immeising the 
battle in a vesael of water at a snitoble temperatiire. 

Now wipe the bottle dry with a clean cloth and weigh it 
at once. The difference between the weights of the bottle 
when it is empty and when it is full will give the weight of 
water which the bottle contains. 

Empty the bottle and dry it perfectly inside and out. 
Then proceed to find the weight of the liquid which fills the 
bottle, in precisely the same manner as the weight of water 
was ascertained. The weights of equal volumes of water 
and of the liquid are now known. The specific gravity of 
the liquid is found by dividing the weight of the liquid by 
the weight of the water. 

In a particular detenninatiou of the specific gravity of methylated 
spirit the following reaulta were obtained : — 

Weight of bottle, empty 24-56 

Weight of bottle, filled with water at 1G°'5 C. . 74 '54 
Weight of bottle, filled with methylated spirit 1 

atl6°-6C J *^** 
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SEOTIOK 11. 



PBBPABATION AND USB OP APPARA.TU8. 



A ttadent who Ib commencing work In a chemicitl Uboratoiy will 
find, immediately before Section 1., > list of the apparatus which is 
coDBtantlj required for working tlirough the eiaDiples armoged in 
this hook. This apparatus should be kept in a private locker, and 
should be looked through, fitted, and cteansed la is directed io this 
Section. 

For convenience in reference, paragraph nnmbers are printed in tho 
text in thick numbers, and in sqnare brackets at the top of each page. 

Paragraphs which are printed in small type tnay be omitted if time 
is limited, or they may he simply read through. 



19. The BniueD Burner (fig. 13) is generally employed in 
the laboratory for heating purpoaes. It ie so constructed 
that the coal^as, before being burnt, is 



Flo. 13. . , ■ , ^- , 

mued with a proper proportion of a 



which 13 drawn in through holes at the 
d^ lower part of the burner. The flame 

■■ ia thus rendered non - luminous and 

smaller than the br^ht flame. It depo- 
sits no soot upon a cool object. Its high 
temperature, non-luininoBity, and colour- 
leas appearance also render it very valu- 
able for producing flame colorations, as 
Tab Bunsen will be seen hereafter, The burner is 
Buhner. provided with means for partly or en- 

tirely closing the air-holea when neceasary. This is uaually 
eflected by turning round a loose perforated ring, which is 
slipped over the holes. 
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When the burner is to be used, it is connected, b; means 

of a, piece of t^htlj-fitting rubber tubing, about 5-16thB of 
an inch in internal diameter, with the tube which supplies 
gaa to' the working beuch. The gaa-tap is then turned on, 
and in a few seconds the gas is lighted. The flame should 
be almost perfectly coloiu'less and should give scarcely any 
light. 

When a small flame is used, the supply of air should be 
reduced in order to prevent the flame from receding and 
burning bdow. If the flame should recede, the gas supply 
must be stopped by pinching the rubber tube ; the supply 
of air is then reduced, and the gas is again lighted. 

EiBTciae 21. — Try with flames or difiereut sixes the effect of open- 
ing, then partially cloaing, uid finally of entirely cloaing the air-holes 
of the bnmer. 

When the heat of the burner is to be diffused over a 
lai^er surface, a small perforated metal cap, called a. rose- 
top (flg. 13 a), is placed upon the top of the burner. It yields 
a circle of flames, and thus spreads the area directly affected 
by the flame. 

3a The Spirit-lamp is oocasionally employed instead of the gas 
bomer; bnt for general porposes it irj„ ia 

should, only replace this burner when 
cosj.gas cannot be obtained. 

The spirit-lamp (fig. 14) consists of 
a glass vessel containing methylated 
spirit, in which the lower end of a. 
cotton wick is immersed. The wick is 
supported by means of a brass or stone- 
ware wick-holder. When the lamp 
is not i& use, the upper end of the ^ 
wick should be covered with the glssi 
cap, in order to prevent the evaporation 
of the spirit. 

21. Glass Tube or Bod is Cut by making a deep scratch 
with the edge of a three-cornered file across the necessary 
part. The glass is then held with both hands, as is shown 
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ID fig. 15, and a gentle pressure is exerted upon the glass 
as if trying to break it across at the scratch. If the file- 
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C urn NO Ohkaa. 



a common fish-tail 
Fm. IS. 



mark has been made 
Biifflcieutly deep, the 
, glass will readily break 
at this point. 

The sharp edges of 
I a freshly-cut rod or 
tube should always 
be rounded, either by 
holding them in the 
Bunsen-flame or blowpipe flame until they are partly melted, 
or by rubbing them with the face of a file. 

22. Glass tube is Bent by holding it in tlie upper edge of 
lame, as is shown in fig. 16. The 
tube is constantly turned slowly 
round on its axis, so as to heat all 
sides equally. As soon as the glass 
is felt to be soft and pliable, it in 
quickly bent to the required angle. 
The heated part must not be allowed 
to touch anything until it is cold. 
Bending Glass. It is then cleansed from soot. 

If the bend is properly made, the tube will assume the 
form of a curve, and ita 
bore will not be altered 
(fig. 17 a). If the tube 
is bent at a aharp angle 
ffig. 1 7 l>), its bore will 
be narrowed; such a 
bend is not only less 
sightly, but it will be 
liable to break under a 
small strain. 
Glass rod may be bent 
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Good Bend (o), Bad Bbsd (b). 
in the Bunsen-flame or in the blowpipe flami 
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THE USE OF THE BLOWPIPE. 



> 22. — Cut off n piece of glass tabinf; about six incbes in • 
length and one-eightb inch in bate, and bend it at a rigbt angle in the 
fiah-tail burner. 

23. The Blowpipe is used for producing a small but Lot 
flame, which may be made to assume any required direction. 
This may be effected by blowing a fine stream of air through 
an ordinary flame. The blowpipe is held as is shown in 
fig. 18 : its mouth-piece is taken between the lips, and after 
the cheeks have been blown out to their full extent, the air 
contained in them is forced out through the jet. This 
produces a small pointed conical flame in the direction of 
the blast. 

The chief difficulty which will be experienced in using the 
blowpipe properly arises from the necessity of maintaining 




BocNniNO End of Glass Bos. 



Dbawiko off Glass Tubk. 



the blast of air uninterrupted by the breathing. In order 
to effect this the cheeks miist be kept inflated with air, and 
this air must be forced through the blowpipe hy the pressure 
of the cheeks alone and not by tlie action of t!ie lungs. 
Breathing must be carried on meanwhile through the nose, 
the cheeks being occasionally replenished with air from the 
luags- _ .. 
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It is frequently necessary to have both h&nda free while 
the blowpipe is being used. This may be secured by resting 
the jet on the top ot the burner and supporting the mouth- 
piece by the lips alone, as is shown in fig. 19. 

The bright flame, obtained by closing the air-holes of the 
burner, is better suited for ordinary blowpipe work thitn 
the ordinary non-luminous flame. 

A Herapath or Fletcher blowpipe, which is fed with air 
either from the foot-bellows, or from a mechanical or 
water-blower, is often indispensable for maintaining a high 
temperature, or for eitensivc glass-working or glass-blowing. 

24> Small IgtlitiOD-tnbefi. — A piece of hard glass tubing 
may be drawn out at its middle point by heating it strongly 
in the Bunsen- or in the blowpipe-flame,* as is shown in fig. 
1 9. While the tnbe is being heated, it shoiJd be constantly 
turned around upon its long axis, and as soon as the glass 
becomes soft, it is gradually drawn out by pulling its ends 
in opposite directions. It will now aasume the shape showQ 
in fig. 20. 



C 



Glass Tube dkawn out. 

If the conical parts (a, b) are then successively softened in the 
fiame, and each of the narrow tubes is drawn off, two small 
closed tubes will be obtained similar to that shown in fig. 21. 
If the closed end of the tube is strongly heated in the 
FiQ. 2L flame, and is then gently blown 

( ) '^ ' ' ' ' "^ '•^*" while it is red-hot, it may be 

expanded into a small bulb. 
Small test-tubes, three inches long 



lONITION TUBB. 



by half an inch in diameter, will also serve for ignition- 
tubes. 

* Th« Buns«n-Same may be used for tnbe of small boie, but the 
flame of tba foot-blowpipe will be required for tbick-walled coiabusUau- 
^be of larger bora, 
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Exercise 23. — Heat a pieoe of glus tab«, about six inches long, in 
the Bansen- or blowpipe-flame, and draw it out and fonn two closeij 
tubes a* has b«eii just described. Tben blow oat the end of one of 
these tubes into a small bulb. 

25. Uoimted Platinam-'wlre. — A piece of platinum wire 
may be fixed into a glass handle in the following way. 

Exercise 24.- — Draw out a piece of glass tube, about five 
inches in length, at its middle point (figs. 19, 20), and cut 
it across at the middle of the narrow portion. Each piece 
of tube tlius obtained serves for the handle of a wire. 
Break off the narrow part of the tube until it eitenda 
only about a quarter of an inch from the shoulder (a, fig. 



Mounted pKATiNtru Wire. 

30). Insert the end of a piece of platinum wire about three 
inches in length into this narrow opening, and hold the end 
of the tube in the blowpipe-flame until the glass melts and 
thickens around the wire, and fixes it fimdy when it is cold 
(fig. 22). Then roll the free end of the wire round a stout 
wire, so as to form a loop of the same size and shape as is 
shown in fig. 22. 

26. OIabs Btining-rodB are required for stirring liquida. 
They should be cut from a piece of solid glass rod of such 
lengths that they will extend slightly beyond the edges of 
the porcelain-dish, the beakers and the small flask, when 
they are placed in these vessels. After they have been cut, 
their sharp edges should be carefully rounded off (2l). 

Exercise 25.-~Cnt some glaaa rod (21) into lengths of three, six, 
and seven inches. Heat both ends of each of these rods to redness in 
the Bunsen- or blowpipe-flame, turning the rod meanwhile constantly 
ronnd upon its long axis (fig. 18). The sharp edges are thus removed. 
The end of the rod must not be allowed to touch anything until it is 

Heat part of an ordinaty rod in the Bunsen- or blowpipe-flame until 
it is soft (fig. 19), then draw it out to the requisite degree (fig. 20} to 
prodncfi a thin tod, such as is required occasionally for special purposes. 
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BORING CORKS. 
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27. Corks are Bored by means of the cork-borer, which 

in a brass or etcel tube Bharpeoed at one end. 

A borer is selected of slightly less diameter than the 

glass tube which is to be inserted into the cork. The cork is 
then pressed gainst 
a wooden surface, and 
the perforation is 
made by gently push- 
ing the borer through 
it with a constant 
movement of rotation 
upon its axis (fig. 23). 
A slender round file 
is used for smoothing 
the intenor of tne 

hole made by the cork-borer, or for slightly enlarging it. 

Great care must be taken to leave the hole round in shape, 

and not to enlarge it so much that the glass tubing fits in 

too loosely. 

The cork-borer is sharpened by rubbing the outer part ot 
its ed^B obliquely with the ta«e of a fine-toothed file. 

Jn Perfi/rating Rubber Stoppers the borer should be sharp, 
and ite diameter should be slightly greater than that of the 
hole which is required. The borer should be lubricated by 
wetting it with water, 

28. The Wash-bottle.— The fitting of the wash-bottle will 
serve as a good illustrative exercise on the preceding opera- 



i 26. — Select a thin fiat-bottomed conical flask 
of about 18 ounces capacity, and with a neck about an 
inch in diameter (fig. 24) ; also a sound cork which is 
slightly too large to enter the neck of the flask. Eoll 
the cork backwards and forwards under the foot with gentle 
pressure, so as to soften it and make it fit tightly into the 
neck of the flask. 



i,,C,00'^lc 



28.] nTTING THE WASH-BOTTLE. 25 

Then bend two pieces of glass tubing (22), rather longer 
than would be required for the tubes (a, b), into the form 
shown in fig. 24. Cut off their ends „ 

to the right length, and round off the 
sharp edges (21). 

Now make two parallel holes in 
the cork by means of a cork-borer 
(27). These holes must be some- 
what smaller than the glass tubes, 
and must be smoothed, and slightly 
enlarged if neeessary, by means of 
the round file, until the tubes (a, b) 
enter somewhat stifQy, when they 
are pushed into them. 

A Bnbber Stopper is muoh more dnrable 
thM . cork for this and for moat oth«r ^hr Wash-Bottie. 
ahemical purposes. It ma; be purchased 

with two holes already made, or ma; be perrorated bj a sharp wetted 
cork-borer (fig. 2S). Both the glass tabes and the inaide of the holes 
should be well vetted before the tubes are inserted, since water serves 
as a Inbricant Tor glaea agaiDst rubber. 

Before the litting of the flask is proceeded with, it should 
be ascertained that all the fittings are air-tight. With this 
object in view, insert the cork with the tubes into the neck 
of the flask. Close one tube with the finger, and blow down 
the other tube. If any leakage of air occurs, it is aa a rule 
easily heard ; or if the outside of tlie cork is wetted, the 
escape of air-bubbles will become visible. 

If the cork is air-tight, fit upon the tube (a) a piece of 
rubber tubing about an inch in length. Into the other end 
of this rubber tube push a short jet (c), made by drawing 
out a piece of glass tubing in the flame (fig. 19, p. 21). 

The fitting of the flask is now complete, but its neck may 
be bound round with twine like the handle of a cricket bat, 
or tightly covered with a folded strip of flannel, in order to 
render it possible to hold the neck when it is hot. 

The wash-bottle is now nearly filled with distilled water, 
and is ready for use. 
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Tap-witer sh&uld never he kept in the wash-bottle. 

A fine BtreEun of water may be obtained from tbe jet (c) 
by blowing down the tube (6). This stream serves for 
washing precipitates and for many other purposes. 

If a lai^er stream is required, the flask is inverted. The 
water will then flow out from the end of the broad tube (6), 
and air will entar meanwhile by the narrow jet tube (a). 

When hot water is required for washii^ purposes, the waeh- 
bottle is placed upon a piece of coarse iron- wire gauze supported 
by B. tripod-stand, and is heated by the Bunsen-flame. 

2p. Cleaning Apparatua. — It is indispensable to the 

success of analytical and of most chemical operations that 
all the glass and porcelain apparatus which is used should 
be scrupulously clean, and before beginning work the student 
will do well to clean his apparatua as is directed below. 

Test-tube Brush. — This brush is constantly used for clean- 
ing glass and porcelain apparatus. Two forms are sliown in 
iig. 25. 

Test-tubes, Beakers, arid Poradain dishes are washed in a 
stream of tap-water. If this fails to remove the stain, the 
surface may be wetted with hot dilute hydro- 
chloric acid, or even with strong sulphuric or 
nitric acid.* Hot caustic potash solution may be 
required to remove grease. Speaking generally, 
when a substance is to be removed from the 
surface of a vessel to which it strongly adheres, 
it should be treated by a liquid in which it is 
easily soluble. 

Apparatus should be washed as soon as 
possible after it has been used, since the surface 
is usually cleansed with greater difficulty after 
standing. 

* Oaviion,. — The student should bear in mind that acids are corrosive 
liquids, and that if they are spilt upon any surface thej must he at once 
washed off. Tliey will rapidly stain and destroy the clothes, and 
should be neutralised on tbe clothes at once by solution ot ammoDium 
hydrate or ot ammonium oatbonate. 
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The following directiona in small type apply more especially 
to apparatus which is used in analytical operations. 

Test-lubea contKining liquids are supported in the Uat-tube stand, 
and after thej have been mshed they should bo placed mouth down- 
wards iu the wicker btsket to drain. 

Glata Funnels should have their narrow stems cut off to within 
abont an inch from tlie shoulder. The sharp outer edge must then be 
removed by rubbing it with the fare of the triangular file. 

Halinuin Foil and (Fire are ciwnsed by boiling them in hydrochloric 
acid and rinring off the acid with water. The wire should then be 
strongly heated for some time in tlie blowpipe-flame. Thia treatment 
must be repeated until the wire no longer persistently colours the 
flame, when it is wetted with pure strong hydrochloric acid and held 
in the Buusen-flame- If the tip of the wire oaunot be cleansed iu this 
way, it should be cut off. Commercial platinum is sometimes alloyed 
with barium or with some other metal which colours the flame. Wire 
made from such platinum is useless for flame coloration tests. 

lustead of cleaning platinum foil and wire immediately before they 
are used, it is better to keep them in a small beaker contaimog 
moderately strong hydrochloric acid. When the platinum is removed 
from the acid and rinsed with water, it will then usually be found to 
be clean and not to colour the flame. 

Before Apparatus is put atoay, all glass and porcelain 
which is not in actual use should be washed, and the 
smaller apparatus should be placed in a wicker basket to 
drain. The basket is then put away with its contents. 
Dirty apparatus should never be kept in the basket. All 
iron apparatus should be carefully dried, and must be kept 
in a dry place to prevent it from rusting. Meted apparatus 
must never be put into tlie wicker draining basket. 

30. Heating Porcelain and Olaes. — The two following 
rules should be attended to when either a glass or a porcelain 
vessel is being heated, in order to minimise the risk of crack- 
ing it. 

The outside of a vessel which contains a liquid should 
never be heated by the flame above the level of the 
liquid inside. 
A dry hot vessel should be allowed to cool before it is 
placed on a cold surface, and before any liquid is 
poured into it. 
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Porcelain Dishes are generally used for the purpose of 
boiling or evaporating liqiddB. They are usually placed 
upon a pipeclay triangle, which is then supported by a 
tripod or retort-stand (fig. 27, p. 32). They may be safely 
heated by contact with a small naked flame. 

Porcelain CraciUes are used for containing solid bodies 
which are to be strongly heated. They are supported in the 
same way aa porcelain dishes. The flame should not at first 
be allowed to play steadily upon the bottom of the crucible so 
as to heat it suddenly ; but the burner should be constantly 
moved slightly from side to aide until the porcelain is hot. 
Fio. 26. 




The crucible should be allowed to cool slowly on the triangle. 
The hot crucible and cover are handled by means of the 
crucible-tongs. 

Glass Vessels require to be Heated more cautiously than 
those made of porcelain. A large naked flame must never 
be allowed to play for any length of time on one part of the 
glass surface. When a test-tube or boiling-tube is being 
heated, this local heating is prevented by holding the tube 
obliquely with its lower part in the flame, and either moving 
it gently up and down, or constantly turning it round on its 
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Small quantities of liquid nmy be boiled in a test-tube, or 
in a boiling tube. Tbe risk of burning the fingers by steam 
is avoided by bending round the neck of the tube a strip of 
folded glazed paper, or of leather, and pinching the ends of 
the strip tt^ether, close to the tube (fig. 26). 

Beakers and glass 6asks are most safely heated by placing 
them upon a piece of coarse wire-gauze supported by a tripod 
stand. 
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SECTION III. 



CHEMICAL AND PHYSICAL CHANGE. 
MIXTURES, COMPOUNDS, AND ELEMENTS. 
INDESTRUCTIBILITY OF MATTER. 



31. Chemical CluDge as dietrngnished from Fh3rBical 
Change. 

EiPT. 27. — Hold a piece of platinum wire, or a thread of 
asbestos, in the crucible tongs, and heat it in the Bunsen- 
flame. Note that the Biibstance becomes red or even vhite 
hot, but that it is unaltered by being heated, and resumes 
ita usual appearance aiid properties when it has cooled. 

ExPT. 28, — Heat a piece of bright copper wire in the same 
way, and notice the appearance of ita surface when it has 
cooled. The wire will be found to have become covered 
with a thin grey coating. 

ExPT. 29. — Heat a piece of magnesium ribbon in the same 
way; the magnesium will bum brilliantly, and will be 
totally altered in appearance and properties. 

In the case of the platinum and asbestos, the change was 
a physical change, temporary in nature. The copper, how- 
ever, suffered a permanent change on its eurface, and the 
magnesium was entirely and permanently altered. The 
two latter cases wefe cases of chemical change. 

In all cases of chemical change the substance or sub- 
stances which are formed differ in some respects from the 
bodies from which they have been produced. The difference is 
frequently in colour, in density, in solubility, or in shape. 
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32. UliutrationB of OhemicRl Change. 

ExPT. 30. — Mix a small quantity of 'reduced iron,' or of 
very fine iron filings which liave been sifted throitgh muslin, 
with half its volume of flower of sulphur. Transfer some of 
the mixture to a dry test-tube and heat it gently in the 
Bunsen-flame. The mixture will glow, and if the product 
is turned out of the tube when it is cold, it will be seen to 
be dark grey in colour. 

This is an instance of ehemicai comHnatum. The change 
has been accompanied by a rise of temperature, and has 
caused an alteration in the colour of the substances which 
have combined. 

ExPT, 31. — Place in the bottom of a dry test-tube a small 
quantity of red oxide of mercury, hold the test-tube in an 
almost horizontal position, and heat the oxide strongly. 
Small globules of mercury or quicksilver will soon collect 
on the inside of the tube, just above the oxide. 

As soon as the mercury is seen, introduce into the tube 
the glowing end of a slip of wood (fig. 30, p. 43). The 
wood will burst into flame, and will bum more brilliantly 
than it does in air. The kindling is due to the presence in 
the tube of an invisible gas called oxygen, which has been 
expelled from the mercury oxide. 

The minute globules of mercury may be made to imite 
into visible drops by rubbing the glass with a glass rod or 
with a strip of wood. 

The above experiment is an instance of chemical deconir 
poeiiwn. The red mercury oxide has been decomposed into 
metallic mercury and the gas oxygen. 

ExPT. 32. — Place a small piece of copper sulphate (blue 
vitriol) in a test-tube, then pour in some water, and heat the 
water gently until the substance is dissolved. Pour most of 
the blue solution into a small porcelain dish, reserving a 
small portion in the test-tube. While the liquid in the diah 
is still warm, add to it half a watch-glass full of clean iron 
filings, and stir the liquid Euid the filings together with a 
glass rod. 
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After the dish haa stood at rest for a, short time, red 
copper will be seen to have separated out, and the colour of 
the liquid will have changed from blue to pale green. The 
alteration in the properties ot the blue liquid may further 
be shown by making the following experiments. 

Place two drops of solution of potassium ferrocyanide 
(yellow pmsaiate of potash), by means of a glass rod, ou 
separate parts ot a filter-paper. Then take out a drop of the 
original blue solution, which was reserved in the test-tube, 
and place it on one of the drops on the filter-paper. A 
chocolate-brown stain will be produced. Place a drop of the 
pale green liquid from the dish on the other drop of ferro- 
cyanide ; a deep blue stain will be produced. This shows 
that the character of the liquid has been changed by the 
action of the iron filings. 

This experiment is an instance ot chemical replacement. 
A portion of the iron has been dissolved in the liquid, and 
has taken the place of the copper which has been separated 
from the sulphate. 

ExpT. 33. — Place in two small porcelain dishes about 
equal quantities of sodium car- 
^°' 37. bonate (washing soda). Then 

pour some water into one dish, 
and notice that the solid slowly 
dissolves when it is stirred with 
the water. Pour dilute hydro- 
chloric acid (spirits of salt) into 
the other dish, and note that 
effervescence occurs and the 
solid rapidly dissolves. 

Now place each ot the dishes 
successively upon a triangle on 
a tripod-stand, and gently heat 
it with a small Bunsen-flame. 
The liquid will gradually pass 
off as vapour, or evaporate. When the volume of the 
liquid becomes small, reduce the size of the flame in order 
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to prevent the pasty maas from Bpirting out of the diah. 
After the liquid has been completely evaporated, continue 
tfl heat for a short time, so as to thoroughly dry the con- 
tents of the dish. Now compare the residues left in the two 
dishes. Both are white and similar in appearance ; but if a 
Uttle of the contents of the one which contained water is 
tasted, it will still be found to have the taste of washing 
soda, whereas the other residue will have the taste of 
common salt 

The water has, in fact, produced the solution or lique- 
faction of the carbonate of soda, and this ie a change which 
does not permanently alter the substance ; hence evapora- 
tion restores it unaltered. The acid has, however, produced 
a permanent or chemical change of the sodium carbonate 
into sodium chloride, and the sodium chloride therefore 
remains after evaporation and not the original sodium car- 
bonate. 

33. Uixtnres and Componnds. — When the red oxide of 
mercury was heated in Eipt. 31, the substances produced 
were different from one another and from the oxide. Red 
oxide of mercury must evidently contain these different 
constituents — mercury and oxygen gas — which are not in 
a merely mixed condition. 

Again, when the mixture of iron and sulphur was heated, 
the product left after heating differed widely from the 
mixture from which it had been produced. 

Hence it is evident that there is a marked difference between 
substances mechanically mixed and the same substances when 
they are hound together in chemical combination. 

The following experiments will make this difference be- 
tween a mixture and a compound still more evident. 

ExPT. 34, — Mix some clean copper filings, which have 
been sifted through fine muslin, with an equal volume of 
flour of sulphur. Reserve half this mixture. Heat the 
remainder in a test-tube, and powder the cool product finely 
in a mortar. Treat separate portions of the original mixture 
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and of the powdered product from the test-tube as is de- 
scribed below, and note tbe r^ults which are obtained. 



Before Heating. After Heating. 



, Note the colonr. 



b. Examine with a 

e. Heat the aubatacce 

»^^;,>«- -' 

d. Shake up with 
water, and allow 
the liquid to 



The colour ie inter- 
mediate between red 
oojiper and yellow 



The separate particles 
of copperandsnlphur 
are readily seen. 



Tbo copper subsides 
quickly, leaTing the 
sulphur euapendod 
for some time in the 



The colour is a deep 
grey, quite nnlike 
that of the mixture. 



No difference is ob- 
serred between the 
separate particlea 



From the above experiments it will be seen that the 
chemical compound of copper and sulphur differs in its 
properties from its constituents, whereas the mixture retains 
the properties of the substances which have been mixed to 
produce it. 

Further differences are given in paragraphs 136 and 137. 

34. Simple Substances or Elements.— Most of the sub- 
stances which have been used for the preceding experiments 
can be separated into two or more dissimilar bodies. For 
instance, when mercuric oxide is heated (Expt. 31), it fur- 
nishea the two substances mercury and oxygen. Neither of 
these two aubstances, however, has ever been separated into 
two or more dissimilar substances; they are accordingly- 
called simple substances or elements. Other elements which 
have already been experimented with are platinum, mag- 
nesium, iron, sulphur and copper. 

There are some seventy elements known, of which about 
half are of common occurrence, while the remainder are rarely 
met with, or are found in small quantity only. 



,., Cookie 



35.] IKDESTEUCTIBILITY OF MATTER. 35 

35. ludestmctibility of Hatter.— In the experiments 
already described the substances which are used frequently 
undergo loss or gain in weight. It must be understood, 
however, that in no case does either destruction of existing 
matter or creation of fresh matter take place. The apparent 
destruction or creation of matter is frequently explained by 
the material undergoing alteration in its condition from a 
solid to ft gaa or the converse. The following experiments 
will further illustrate this indestructibility of matter. 

ExPT. 35. — Attach an ordinary wax vesta in a vertical 
position, and with its head upwards, to a block of wood. 
The match can he made to retain its vertical position by 
heating the wax for a few moments at the cut end, and then 
pressing this against the block until the wax has set. 

Set fire to the bead of the vesta, and while the match is 
burning, invert over the flame a cold, clean, dry beaker or 
glass cylinder. Notice that the inside of the jar becomes 
dimmed by the deposition of water. 

Now turn the vessel into the upright position, and pour 
into it at once some clear lime-water. Shake the lime-water 
round in the vessel ; it will become milky, showing that the 
air within the jar has been changed by combustion, since 
ordinary air will not affect lime-water under the above 
conditions. 

Hence it is seen that sJthough the vesta gradually bums 
away, and appears at first to be destroyed, the matter 
of which it is composed is in reality only changed into liquid 
water and an invisible gas which renders lime-water turbid. 

If the match is burnt in an enclosed volume of air, and 
these products are retained and weighed, it may be shown 
that no alteration is produced in the combined weights of 
the vesta and of the air by the process of combustion. 

ExPT. 36. — Cut off about one-third of another wax vesta, 
selecting that portion which carries the head. Carefully sus- 
pend it by a thin copper wire in a thirty-ounce flask, so that 
the head of the match just touches the bottom of the flask, 
and secure the upper portion of the wire by pushing it into a 
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cork which fits the neck of the flask air-tight. The length 
of the wire must be so arrauged that when the wire is verti- 
cal the head of the match is in contact with the bottom of 
the flask. 

Now weigh the flask and contents, and carefully note down 
the weight (12-14}. Then gently heat the flask where the 
match touches it, and in this way kindle the match. When 
the match has ceased to bum, allow the flask to cool, and 
weigh it once more. The weight will be found to be identical 
with that previously taken, proving that no loss of weight, 
and therefore no destruction . of matter, has taken place 
during the process of combustion. 

Note.— The abova experimeut is beet performed under the sap«r- 
riaion of the teacher, since unlesB the flask is of fair thickneBs it is 
lisble to burst, owing to the expansion of the air b; heat. Even if 
this shoald occur, there is no danger, if the flask is held by the neck 
in such a manner that its body does not face the experimenter. 
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SECTIOS^ IV. 



AIR, NITEOGBN, AND OXTCHIN. 



AlB. 

36. Action of Air on various Substances. — It has already 
been shown (31) that copper loses its lustre and changes in 
colour, and magnesium bums brilliantly and is converted 
into a friable white substance, when it is heated strongly in 
the air. 

Heat alone induces chemical change in many substances ; 
but other sul^taucea undergo change only when they are 
heated in the presence of air. Certain substances undei^ 
change even at ordinary temperature when they are in con- 
tact with the air. 

If the element sulphur or the element carbon is heated 
first when air is excluded, and then when air is present, the 
differenoe amng from the presence of air will be readily 
seen. 

ExPT. 37. — Select a piece of glass tube about aisteen 
inches in length and about a quarter of an inch in internal 
diameter, and make from it two tubes closed at one end, in 
the way already described in pan^iraph 24. 

Place in the closed end of one of these tubes a piece of 
sulphur about the size of a pea, and heat the sulphur in the 
Bunaen-flame (fig. 26, p, 28). The sulphur will melt, and 
after a time it will pass off as vapour, which will be cooled 
to a brown liqiiid on the upper part of the tube. When the 
sulphur has become cold it will be seen to be unchanged, 
showing that when the air ia practically excluded no appreci- 
able chemical change has occurred to the sulphur. 

'glc 
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ExPT. 38. — Now place e similar piece of sulphur on 
platiuum foil, or on a slip of porcelain, and hold it over the 
Bunsen-flame by means of the crucible tongs. The sulphur 
will melt and kindle, and a sharp pungent smell will be 
observed to arise from it. Eventually the whole of the 
sulphur will bum away. 

ExFX. 39.— Now heat a piece of charcoal in the other glass 
tube closed at one end, and contrast the result with that ob- 
tained by heating a piece of charcoal to redness on platinum 
foil or on porcelain. No change will occur to the charcoal 
when air is excluded, but when it ia heated with free exposure 
to air it will slowly bum away, leaving only a trace of white ash. 

From the above experiments it is seen that the presence 
of air is necessary in order to induce chemical change when 
sulphur and carbon are heated. 

37. A SubGtance usually undergoes Increase of Weight 
when the Air acts chemically upon it. — In the above coses 
the products of the chemical change are gases, which are not 
readily weighed. If, however, both the subHtance and its 
product are solids, it can be shown that its change is accom- 
panied by increase of weight, showing that the substance 
takes something from the air. 

ExPT. 40.— Spread a thin layer of finely-sifted copper or 
iron filings, or of ' reduced iron,' upon the bottom of a small 
thin flat porcelain -dish or upon the lid of a porcelain crucible, 
and weigh the whole (I2-I4). Then heat the porcelain 
strongly over the Bunsen-flame, holding it by means of the 
enicible tongs. Continue the heating for about three 
minutes, then allow the porcelain to cool, and weigh it 
again. The weight will now be foimd to have increased, 
showing that something has been abstracted from the air 
by the metal. The substance which has been abstracted 
will be examined later on. It ia known as oxygen, 

38. Action of FhosphorUB upon the Air.— The element 
phosphoritB is a convenient substance for use in studying' 



39.] SlTROGBK ?fioM AIK. 3d 

the composition of the atmosphere. Care Should be taken 
in handling it, since it readily takea fire and causes painful 
burns. In order to guard against danger arising from its ready 
inflammability, phosphorus is usually stored under water. 

ExPT. 41. — Carefully cut off a piece of phosphorus about 
the size of half a pea, moistening the fingers and using a 
wet knife for the purpose. Dry the piece of phosphorus aa 
quickly as possible by pressing it gently between folded 
filter or blotting-paper. 

Place the dried phosphorus upon a white tile or plate, 
and kindle it by means of a heated wire or glass rod. 
Immediately place over the burning phosphorus a small 
bell-jar or a twenty-ounce wide-necked bottle. The phos- 
phorus will bum brilliantly, giving rise to white fumes, 
which settle like snow on the plate and upon the inside 
of the jar. Invert the jar and pour water into it ; the white 
substance will readily dissolve. 



Ikaotivb Constituhnt of Air called Nitbooen. 

39. By a modification of the preceding experiment it may 
be shown that only a portion of the air is removed by 
burning phosphorus, and that the residual gas is inert in 
its nature. This esperiment may be made by using more 
phosphorus than can be completely burnt, and kiudling it 
in a vessel the mouth of which is immersed in water. The 
phosphorus will combine with the whole of the active con- 
stituent of the air, and a compound will be formed which 
will dissolve in the water. A gas will remain with which 
the phosphorus cannot combine. 

ExPT. 42. — Float a small dry porcelain-dish, containing 
a small piece of well-dried phosphorus, upon some water in 
a pan. Then place an unstoppered bell-jar as a cover over 
the floating dish, allowing the mouth of the jar to rest upon 
the bottom of the pan (fig. 28). Kindle the phosphorus by 
touching it with the end of a long piece of wire, or of a glass 
rod, which has been heated in the flame. Immediately insert 
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the cork or stopper, and hold down the jar until it stands 
steadily. When the phosphorus has ceased burning, allow 
the renutiuing gas, which has been expanded by heat, to 
cool; the water will rise in the bell-jar and will fill one- 
fifth of the space which waa previously occupied by the air. 
Now pour wat«r into the pan until the level of the liquid 
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inside and outside the bell-jar is the same. Remove the 
cork or stopper and insert a burning taper ; the flame will 
be at once extmguished, showing tlie inert nature of the 
residual gas. This gas is known as nitrogen. 

40, Preparation and Properties of Nitrogen. — The gas wbich 
remains after the action o( pboapborue apon air ia not pure nitrogen. 
It haa been shown recently that it conlaiuB a amall proportion of a stilt 
more inert gaa called argou, and minute proporiioas of other gases. 

Nitrogen gas may be conveniently prepared by lieating a solution of 
sodium nitrite and ammonium chloride, and may be collected by dis- 
placement of water in the apparatus which is described below. The 
chemical change is as follows r-NaNOj + N H^CI - N, + NaCL + 2H,0. 

EsPT. <8,— Fit a four-ounce flaak with a doubly perforated cork (27), 
Pass a thistle-funnel through one hole in the cork, letting it reach 
neatly to the bottom of the flask. Through the other hole pass a piece 
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of tobe which baa be«n preTionsIr bent (23) to the shape ahown in 
fig. 29. Now ascerttin if the apparatus i« aonnd by closing the 
month of the thiatle-fnnnel b; the wetted palm of the haind, and tben 
blowing down the end of the daliveiy-tube ; if no air ia heard to 
escape, the apparatas may be used. If, however, air eacapBa, the 
pTocess of fitting most be repeated with another coti. 

Now place a email beehive cell in a pan aboat ten inches in 
diameter. Pour in water until its sarfnce rises aboat one inch above 
the top of the cell, and place the end of the delivery-tnbe in the 
inlet of the cell. 

Introduce about Ei grams of sodium nitrite and 6 grams of ammonium 
chloride into the flask, add !>0 c.c. water, and gently heat the miztnie. 
When it b tbonght that the air has been expelled from the appa ratqa^^ 

Flo. 29. 
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Ammonium Nitrite. 



invert over the beehive cell a glass cylinder, which has been previously 
filled nith.water and closed with a glass plate. If this operation is 
carefully carried out, the jar will remain full of water, and this will 
be gradually displaced by the gas. 

As soon as the jar is full of gas, slide a glass plate over its mouth 
while it is immersed in the water ; remove the jar and place it on one 
side. Bepeat the operation of collection with two fresh jars, and 
then proceed to eiamine the properties of the gas as follows, usiog 
a fresh jar for each test, 

' EXPT. 14. — Notice that the gas is colourless, and possesses no smell ; 
that it at once eztingaishes a lighted taper ; and that when lime-water 
is shaken in the jar, the liquid remains clear. 
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The AcTivB Constitubst op thb Aib called Oxygen. 

41. No readj means is known of extracttog the nitrc^n 
from air and leaving behind the active constituent, which is 
known as oxygen. Even the substances which are formed 
when sulphur, carbon and phosphoruB are burnt, do not 
readily yield up the oxygen which they have taken from 
the air. 

IE, however, lead or mercury is heated in the air under 
suitable conditions it will abstract the oxygen from the air, , 
and the oxygen may be obtained from the product. Mercury 
may be moat conveniently employed for this purpose. The 
whole of the oxygen which it has absorbed from the air may 
be obtained from the product, which is commonly known 
as mercuric oxide. 

If the metal is heated strongly in a veusel, which is freely 
open to the air, its surface becomes slowly coated with red 
mercury rust, or mercuric oxide. This substance may then 
be collected and heated more strongly, when it will be de- 
composed into metallic mercury and oxygen. 

42. Preparation of Oxygen from Hercnric Oxide. 
ExPT. 45. — Perfectly dry a small test-tube, and place in 

it sufficient mercuric oxide to cover the bottom. Heat the 
powder in the Bunsen-flame, looiely stopping the end of the 
tube with the thumb, as is shown in fig. 30. As soon as 
a grey film, consisting of small drops of mercury, forma 
upon the inside of the tube, remove the thumb and quickly 
insert the glowing end of a thin slip of wood into the tube. 

The wood will burst into flame, and will bum more bril- 
liantly than it does in air. This behaviour with a glowing 
slip of wood is one of the most remarkable properties of 
oxygen gas, and is frequently used as a teet for its presence. 

The grey film of small globules of mercury, which has 
collected upon the inside of the tube, may be made to unite 
into larger globules by rubbing it with a glass rod. The 
globules of mercury are then easily seeu. 
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The chemical change which has occurred is thus repre- 
sented by a chemical equation : 2HgO — 2Hg + O^. 

This method of obtaining oxygen ia interesting, because 
it was the first means known of preparing tbe gas. It is 
never used now for prejtaring oxygen, since less costly sub- 
stances are known which cont^n a larger proportion of 

Fio. 30. 
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oxygen than mercuric oxide does, and which give the gas ofl' 
more easily wh^n they are heated. 

43. Fr^aration of Oxj^en from PotaaBJum Chlorate. — 
Potassium chlorate is usually employed for the preparation 
of small quantities of oxygen. If it is heated until no 
more gas is given off, it will have parted with the whole 
of its oxygen, as is ^hown by the following equation : 
2KC1Ob = 2KC1 + 30.. 

Ex?T. 46. — Ilcat a few crystals of potassium chlorate in a 
clean dry test-tube. The white salt will first fuse or melt and 
will then appear to boil. The small bubbles which are given 
off consist of oxygen gas. Tliis may be readily proved by 
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holding in the mouth of the test-tube a glowing splinter of 
wood. 

44. Preparation of Oxygen irom Oxygen Uixtnre. — 
Potassium chlomte gives off oiygen gas much more readily 
than mercuric oiide does. But if the chlorate is mixed 
with a small quantity of some other suitable substance, which 
does not itself appear to undergo any permanent change, ita 
oxygen may be driven off by heat with extreme facility. 
Of these substances manganese dioxide, or black oxide of 
manganese, is the one usually chosen. 

ExFT. 47. — Powder finely in a mortar sufficient potassium 
chlorate to fill a watch-glase. Mix with it in the mortar 
about one-fifth as much powdered manganese dioxide, and 
heat a small quantity of this mixture in a test-tube. The 
escaping oxygen can be detected by the spark test as soon as 
the mixture is heated, and a comparatively gentle heat will 
cause the gas to be rapidly evolved, 

45. Preparation and Properties of Ox^en. — When 
oxygen gas is required in larger quantity unmixed with air, 
it is collected over water. For this purpose the oxygen is 
made to pass through a bent glass delivery-tube, which is 
fitted by means of a cork into the mouth of the test-tube. 
The end of this tube dips into some water, and the bubbles 
of gas as they issue are allowed to rise into a vessel full of 
water, which ia inverted over the end of the delivery-tube. 
This process of collecting oxygen is fully described in. the 
following experiment. 

ExPT. 48. — Select a sound cork which is somewhat too large 
to fit the mouth of the test-tube to be used. Soften it by 
rolling it on the floor with gentle presssure from the foot. It 
should now fit tightly into the mouth of the test-tube. Then 
bend (22) a piece of hard glass tubing, about fourteen 
inches in length, into the form shown in fig. 31, and make a 
hole through the centre of the cork {27) of such a size that 
the glass tube fits tightly into it. 
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Kow fit the apparatus together, and test whether it is air- 
tight by blowiug down the open end of the delivery-tube. 
Air must not l>e heard to escape, and it must not be seen to 
bubble out when the cork is moistened. If air docs escape, 
a fresh cork must be fitted in a similar way. 

Now transfer the oxygen mixture into the perfectly dry 
t^t-tube, and fit in the cork and delivery-tube. Then pro- 
ceed to fit up the apparatus as is shown in fig. 31. Fill a 
pan, about twelve inches in diameter, with water to the 
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depth of about four inches. Support the test-tube either 
by the hand, or by means of a suitable clamp, so that the 
end of the delivery-tube dips about one inch below the 
surface of the water. 

Next fill the jar, in ' which the oxygen is to be collected, 
with water. Oose it with a ground-glass plate. Then 
invert ita mouth in the water contained in the stoneware 
pan, and carefully remove the glass plate. If this operation 
has been performed with proper care the jar will be entirely 
filled with water, and will contain no air-bubble. 

Now remove the delivery-tube from the water, and heat 
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the front part only of the oxygeu mistnre, since the escape 
of gas from the hinder portion would force the mixture out 
of the tube. A small flame shoidd be used, and it should be 
slowly moved from side to side in order to lessen the risk of 
cracking the glass. 

As soon as a glowing slip of wood is kindled when it is 
held at the mouth of the delivery-tube, the oxygen has 
driven out the air and is beginning to escape. The end of 
the delivery-tube is then at once dipped under water beneath 
the mouth of the jar, and the ascending bubbles will 
rapidly displace the water. A stoneware beehive-shelf will 
be found convenient for supporting the jar : this is shown 
in fig. 29. As soon as the vessel is full of gas, close its 
mouth under water with the glass plate, and remove it for 
experiment. 

Four jars filled with oxygen will be required. 

If at my time the ga> should be given off too rapidly, the flame 
moat be removed until the current of gaa Blaekens. When tbe process 
ia to be stopped, the end of the deliver]r'tiibe must be removed from 
the water before the gaa has ceased to bubble oat, else the water might 
recede into the hot test-tube. 

Oxygen gas is remarkable for the enei^ with which it 
combines with or burns many substances. Three examples 
of this property are given in the following experiments. 



ExPT. 49. — Place a piece of Wood-charcoal about the size 
of a nut in a metal deflagrating spoon. Then adjust the 
wire handle in the brass cap, so that when the spoon ia 
placed in the jar it is about an inch from the bottom (fig. 
32). Heat the charcoal in the Bunsen-flame until a part of 
its surface glows, and quickly place it in the jar of oxygen. 
The charcoal will bum much more brilliantly and rapidly 
than iu air, and will combine with the oxygen and convert 
it into carbon dioxide gas: C-|-0^ = C02. As soon as the 
combustion ceases, pour into the jar some clear lime-water 
from a small beaker. Then quickly close the jar and shake 
the liquid inside it. The clear liquid will become milky. 
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This indicates the preaenee of carbon (lioside gas, as will be 



ExPT. 50. — Remove the charcoal from the deflagrating 
spoon, and replace it by a piece of Snlphnr as large as a 
pea. Heat the spoon in the flame until the sulphur melts 
and bums with a pale blue flame. Then 
place the epoon in a fresh jar of oxygen. 
The sulphur will at once bum with a much 
brighter flame, converting the oxygen 
-into sulphur dioxide gas: S + Oj-SOj. 
The presence of this gas is proved by its 
suffocating emell. 

Pour a little water into the jar and 
shake it round. Sulphurous acid will be 
formed and may be recognised by dropping 
into the water a piece of blue litmus paper, 
which is immediately reddened; also by 
pouring in a few drope of red potassium 
diohromate solution, the colour of which 
changes to green. 

ExPT. 51. — Bum away any sulphur which Combbbtiok in 
reniains in the deflagrating apoon and place in Oiyobm, 

it when told a amall piece of carefully dried 
PhaBphoms not larger than half a pea. The precautiona stated in 
Eipt 41(38) mnatbeobaBrred in dealing with the phosphorus. Set fire 
to the phosphorua by holding the spoon in the flame and notice how 
it buma in the air. Than place the apoon in a jar of oxygen. 

The phosphorus will bom much more brilliantly, producing whit« 
phosphoric oxide: P, + E03=P,Oio. As soon as the phosphorus has 
ceaaed burning, pour in a little water and ahake it round in th« jar. 
The white substance will dissolve, yielding phosphoric acid ; PjOn,+ 
6HjO — 4H3PO4. . The water may now be proved to contain an acid by 
dropping into it a piece of blue litmus paper, which will be immediately 
reddened. 

Tests for Oxygen. — Oxygen is conveniently recognised by 
introducing into the gas a slip of wood with a spark at the 
end ; the wood will burst into flame. This test does not 
answer if the oxygen is lai^ely mixed with another gas, 

'gl': 
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Nitrogen monoxide (114) also causes a spark to buret into 
flame, but the Hame Ib Burrouuded by a halo in this gas. 

A more delicate test for oxygen depends upon its power 
of producing a reddish-brottu ga^ when it is mixed with 
nitric oxide (n6, II7). 



QOANTITATIVB ExFEBIHENTS WITH POTA88ICM ChLOBATE. 

46. The Weight of Oxygen which is contained in 
Fotassiiim Chlorate may now be determined. This is 
effected by weighing some potassium chlorate, and then 
heating it until the whole of the oxygen which it contains 
has been evolved as gas. The residual salt is then 
webbed. The loss of weight which the original chlorate 
has Buffered by being heated, will be the weight of 
oxygen which it contained. 

ExPT. 52- — Close one end of a piece of combustion tube 
about five inches long, by drawing it out in the foot Uow- 
pipe-flame (24)- Weigh the tube as soon as it is cold, 
and introduce into it one gram of dry potaBsium chlorate, 
taking care that the whole of the salt passes down to the - 
closed end of the tube. Now hold the tube in an inclined 
position and heat the chlorate in the Bunsen-flame until 
oxygen gas ceases to come off. Then allow the tube to 
cool, and weigh it again with ite contents. In order to make 
sure that the whole of the oxygen has been expelled from 
the chlorate, heat the salt again, allow it to cool, and once 
more weigh it. Repeat these operations until two successive 
weighings give identical results. The loss of we^bt which 
the tube and its contents have suffered will give the weight 
of oxygen which was present in one gram of the chlorato. 

Tb« weighiogB shaald be entered in tlie note-book in the following 

Weightoftube + potassinnicbloiate - 23'B3 

Weight of tube alone - 22 '58 

Weight of potasBium chlorate nsed — I'OO 

'gi'^ 
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Weight of tube -f contentB ^ter iint wsighing - 22-20 

■ ■ >, second ,, — 22'16 

third „ - 2216 

Weight of Oxjgen driTen off - 23'E3 - 22-18 - 0*37 

Weight of Oxygen cidcDUted from tho formula KCIOi - 0'39 
Weight of Oxygen found . - 0'37 

Eipariraental error . - -0-02 

47- Measurement of the Volome of 0:^gen evolved by 

heating Potassium Chlorste The volume of gaa which is 

evolved from a substance is most ©aaily measured by oauBing 
the gas to displace its own volume of water, and then 
measuring the water which has been displaced. 

The apparatus described below will be foimd convenient 
for this piupose. In order to secure comparable volumes of 
gaa in tha process by correction, 
care must be taken that the gas ' ' * 

is under the same pressure as 
the atmosphere before the dis- 
placed water is measured, and 
that the temperature of the gaa 
is noted when the volume is read 
(see Note, p. 50). 

ExFT. 53. — Fit into the neck 
of a Winchester-quart bottle a 
rubber cork which has been 
bored with two holes. Through 
one hole insert a short piece of 
glass tube bent at an angle 
(fig. 33, A). This tube should 
pass only just through the cork. 
Through the other hole pass a glass tube (B) bent twice at 
right angles, the longer end ot which reaches to the bottom 
D 
,; , ■...,., Ck">0^lc 
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of the bottle. To the shorter end of this tube attach a 
piece of rubber tubing (D), which can be closed by meanH of 
a pinchcock. 

Now powder some potaesium chlorate (KClOj), and dry it, 
if oecBBsary, for half an hour in the steam-ovcD (189, Hg- 64). 
Weigh out one gram of tbe dry powder into a piece of com- 
bustion-tube closed at one end (Espt. 52, 46), which has been 
fitted with a cork suitably bored for the insertion of the free 
end of the small piece of glass tube (A). Then pass the end of 
the clamped rubber tube (D) to the bottom of the graduat-ed 
cylinder (C). 

A p1*in cylinder may be uaed instead of tbe graduated one, aince the 
TSter which it receives can be measured, at the end of the experiment, 
in another graduated vessel. 

Aeccrtain that all the connections are gas-tight, and then 
proceed to make the determination as follows. Fill the 
bottle with water, detach the tube which contains tbe 
potassium chlorate from the cork. Insert the cork and 
tub^ into the bottle and gently blow through the short 
tube (A) until tbe water commences to flow from the lower 
end of the rubber tube, then clamp the upper end of this 
tube. The tubes (BD) will now be full of water. Place the 
end of the rubber tube (D) in the cylinder, attach the com- 
bustion-tube to (A), and open the clamp. 

Now gently heat the tuba so as to fuse the salt, and 
gradually increase the temperature until oxygen escapes 
from the salt with efiervescence. As soon as the effervescence 
has ceased, and no more water is displaced from tbe bottle 
into the cylinder, allow the heated tube to cool. Then 
lower or raise the cylinder (c) until the level of the water is 
the same in the cylinder as in tbe bottle. At once close the 
clamp and read the volume of water in the cylinder. This 
will be the same as the volume of tbe oxygen which has dis- 
placed it 

NoTB. — The result which is obtained in the above experiment will 
be iaflnenced by the effect of temperature on the volume of Hie gas. 
An increaie of temperature causes an increase in the volume of the 
gas, and a decrease in the temperature a decrease in the volume. In 
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order to make the r«enlt» of different experiments eomp&rable one with 
another it is uaaal to apply a oorreotioii which reduces the volnme 
of tho gaa to that which it would occupy at 0° C. Tha correction 
for diRerences in barometric preaanre and in the pressnre of aqneoua 
Tapour need not be token into consideration, ainca the errors of the 
experiment will probably affect the gassoua volume to a greater extent 
than these corrections would do. 

The following is the method of calculating the volume which the 
gaa would hare at 0° C. :— 

Let t be the temperature of the oxygen in the bottle at the end of 
the experiment, and V the volume of the water displaced : 

Then the volume of the oxygen at 0° C would be n-g . , ■ 



FCBTEKB EXFEBIMBNTS WITH AlE. 

48. Ctonpositioii of Air by Volume. — The proportion of 
nitrogen to oxygen in air was roughly determined in Experi- 
ment 42 (39), and wae foiuid to be tour Tolumes of nitrogen 
to one volume of oxygen. Accurate analyses show that the 
proportion by volume is 791 per cent, nitrogen and 20'9 per 
cent, oxygen. 

Although the method deBcribed below is not sufficiently 
aixiurate to give the percentage with absolute correctness, 
still it will be found to be more accurate than the method of 
burning pbosphoms in the air. 

ExpT. 54. — Select a piece of glass tubii^ about twenty-four 
inchw in length and half an inch in internal diameter. Close 
one end iu the blowpipe-flame (24), and carefully fit into the 
open end a rubber cork which enters about one-quarter of 
its length. 

Weigh out about a gram of pyrogallic acid, and dissolve it 
in 10 C.C., or about half a test-tube full, of water. Pour this 
solution into the long tut>e, quickly drop in a piece of stick 
potash half an inch in length, and immediately insert the cork. 
Invert the tube and mark the surface of the solution with a 
rubber band. Now cause the liquid to flow gently from end 
to end of the tube for about five minutes. By this time the 



'glc 



52 MOISTDRE AND CARBON DIOXIDE [i9-5I, 

osygen will have been absorbed by the alkaline solution of 

potassium pyrogallate, and the nitrogen only will remain. 

Now immerae the end of the tube in a cylinder of water 
and remove the cork under the water. Lower the tube into 
the water until the level of the liquid is the same on the out- 
side as in the inside of the tube, and slip on a tight rubber 
band to mark the altered level of the liquid in the tube. 
The ratio of the volume of oiygen to that of nitn^en will 
be as the distance between the lower and upper band is to 
the distance from the upper band to the top of the tube. 

Calculate from this proportion the percentage of oxygen 
in the air : that is, the number of volumes of oxygen in 100 
volumes of air. 



OtHBE CONSTITCBNTS OP AlR. 

49. Air contains small quantities of other substances 
in addition to the main constituents nitrogen and oxygen. 
The most important of these are water vapour and oarbou 
dioxide gas, but other constituents have already been re- 
ferred to (40). 



bye 



^ Hoistuie may be shown to be present in ai 
densing the water vapour into the liquid state by 1 
cold. 

ExFT. 55. — Carefullydry the exterior of a beaker, and place 
in it a few crystals of sodium thiosulphate. Pour in Bomo 
water aud stir it with the crystals, so as to promote the solu- 
tion of the substance. The temperature of the water will be 
very considerably reduced by the process of solution, and after 
a few minutes the exterior of the beaker will become covered 
with moisture. This is due to the cold surface of the glass 
condensing the water vapour of the air with which it is in 
contact. 

51. Carbon dioxide is present in fresh air in very small 
profwrtious, but the amount increases in closed unvontilated 
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roomB in which pereone are breathing and flames are burning. 
The preeence of tbie gas in air may be shown by its power of 
producing turbidity in lime-water with which it is brought 
into contact (80, 81). 

ExFT. 56. — Pour a little clear lime-waterinto a watch-glass, 
or clock-glaea, and expose it to the air for about half an hour. 
At the end of that time a film will be seen upon the 
surface of the lime-water. This is due to the action of 
carbon dioxide upon the lime. The film may be broken up 
into white flakes by stirring the liquid. 
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SECTION V. 



COMPOSITION OP WATER. 
HYDROGEN. 
NATURAL WATERS. 
SOLUTION, DISTILLATION. 
EVAPORATION AND CRYSTALLISATION. 
PRECIPITATION, FILTRATION, AND DEOAN- 
TATION. 



Water. 

52. Water difTera chemically from air in being a compound 
of two gaseB, oxygen and hydrogen, whereas air waa shown to 
be a mixture of the gasea nitrogen and oxygen. 

No simple method is known of forming water from its 
constituents and collecting the product. But it may be 
easily shown that hydrogen is a constituent of water, by 
causing a suitable metal to combine with the oxygen present 
in the water and thus to liberate the hydn^en, 

53. Hydrogen liberated from Water.— One of the most 
convenient metala for liberating hydrogen from water is the 
metal sodium. When this metal is thrown upon water it 
energetically unites with the oxygen, and liljerates the hydro- 
gen. The action may be moderated by dissolving the 
sodium in mercury, so as to produce some ' solium amalgam ' 
in the liquid metal. 

ExpT. 57, — Place a small quantity of mercury in a mortar, 
and drop upon it, from time to time, a thin freshly-cut 
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of sodium. Press down each slice ot metal firmly .with the 
pestle until combination takes place with a hissing noise and 
a glow. Carefully avoid inhahng the poisonous mercury 
vapour which is given off. When a suitable quantity of 
sodium has been introduced, the cold solution of the ama^m 
will be slightly paaty in eonsiatency. Now partially fill 
a small porcelain-dish wii^ water, and pour in a small 
quantity of the sodium amalgam. Bubbles of gas will be 
given off from the surface of the amalgam. 

Note. — The Biuall dishes which are lued bf the nietallaigist, anl 
are known aa roaatiDg-diBhei, answer veiy well forthia pnTpose. They 
ate flat-bottomed, and aland mora steadil; than a poi«elaiD-diih doea. 

Proceed to collect the gas which is evolved as follows. 
Fill a test-tube with water, close the mouth of the tube with 
the thumb, and invert the tube in the water, with its mouth 
over the amalgam. As soon aa the tube is about half full of 
gas, close the tube by placing the thumb over its mouth, 
and remove it from the water. Now invert the tube, remove 
the thumb, and immediately apply a light. The gas will 
be kindled, and will bum with the pale flame which is 
characteristic of hydrogen. 

When hydrogen is burnt in air, the substance formed ia 
water (55), Since oxygen has been shown to be the active 
constituent which maintaina combustion in the atmosphere 
(41), it is evident that water is composed of the gases oxygen 
and hydrc^n. 



COLLKCTION ABD PitOPKBTIBS OF HlDBOOBH. 

54. Hydrogen is most readily prepared by the interaction 
between a suitable acid and a suitable metal. For most 
purposes the acid used is hydrochloric acid, and it is allowed 
to act upon zinc. 

ESPT. 58. — Fit atwo-neckedWoulffe's bottle with perforated 
corks, one ot which bears a thistle-funnel whose end reaches 
nearly to the bottom pf the bottle, and the other a bent tube 
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terminating just below the cork (fig. 34). Then adapt a beot 
delivery-tube by means of a piece of rubber tubing. A 
wide-necked bottle, fitted as is shown in fig. 48 (p. 80), may 
b^ used instead of the Woulffe's bottle. 

Fia.U. 



Pbepaeation of Htdeoobn. 

Place sufficient granulated zinc in the bottle to cover the 
bottom, replace the cork, and ascertain that the apparatus 
ia air-tight by closing the end of the deliveiy-tube and blow- 
ing down the thistle-funnel. Then pour water in through 
the funnel until the zinc and the end of the funnel-tube are 
covered, and add pure strong hydrochloric acid gradually 
(Caution, p. 26). Hydrogen will be seen rising from the 
zinc in numerous small bubbles : Zn + 2HC1 = H^ -t- ZnCl^. 

Since the acid is decompoHed during this reaction, it is necessuj to 
pour in more acid occasionallj through the funnel in order to maintfiin 
the GTolation of the gas. 

Dip the end of the delivery-tube under water contained 
in a pan, and allow the gas to bubble out through the water 
for at least five minutes. This delay in collecting the gas 
is necessary in order to give the hydrc^en time to remove 
the air which filled the bottle. 

Since a mixture of air with hydrogen bums explosively 
when it is kindled, it is well to make sure that the air hag been 
completely removed from the bottle, by making the following 
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test on a small quantity of the escaping gas. Invert a test- 
tube filled with water over the end of the delivery-tube. 
Close the t«str-tube with the thumb when it is full of gas ; 
remove it from the water, and hold its opea mouth to a 
flame. If the gas bums with a slight explosion, the tube is 
again filled with the gas and the experiment is repeated. 
Aa soon as the gas bums quietly with a pale flame, a small 
thick-glass cylinder may be filled with hydrogen in the same 
way aa was directed for oxygen (45). 

ExFT. 59. — Hold the cylinder, which contains the hydrogen, 
mouth downwards ; remove the plate, and at onee push up 
a lighted taper into the gas. The gas will bum with a pale 
flame, and will extinguish the flame of the taper. 

EsPT. 60. — Hold another jar of hydH^en for a short time 
with its mouth open and directed upwards. The gas will 
entirely escape, as may be proved by holding a lighted taper 
in the vessel, when no hydrogen flame will be seen. 

If the cylinder is once more filled with hydrogen and is 
then lield for a short time with its mouth downwards, the 
hydn^en will remain in it and will bum with a pale flame 
when a lighted taper is introduced. Note, however, that 
the gaB bums in this case with a slight report; this is 
due to air having mingled with the hydrogen by spon- 
taneous diffumm. 

Since hydrogen does not quickly escape downwards, but 
rapidly escapes iipwards, it must be lighter than air. 

Advantage is often taken of the lightness of hydrogen 
to make it replace Mr instead of water in the vessel in 
which it is to be collected. For this purpose a straight 
delivery-tube from the hydrogen-apparatus is passed up to , 
the top of an inverted jarj the hydrogen then gradually 
pushes down the heavier (ur and fills the jar by displace- 
ment. 

ExPT. 61. — Fill a jar with hydrogen by displacement in 
the following way : quickly replace the bent tube in the 
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cork of the WouIfFe's bottle by a straight one, eight or nine 
inches in length (fig. 35). As soon as a brisk effervescence 
of gas has been caused by 
Fic. 35. pouriog in some strong 

hydrochloric acid, pass 
this tube up to the top 
of an inverted jar ; and 
allow the jar to remain In 
this position for several 
minutes. 

Now remove the jar, 
keeping it inverted, and 
gradually bring it into an 
erect position while its 
mouth is near a flame. 
The light hydrogen will 
rise out of the jar and will 
CoLLBOTioN BY D18PI1ACBMBNT. bum in the air. 

55. Hydrogen forms Steam by its CombuBtioiL— This 
may be shown by burning the hydn^en and condensing the 
steam into water by contact with a cold surface. 

ExpT, 62, — Cover the Woulffe's bottle and the funnel-tube 
with a cloth, in order to prevent accident in case of aji 
espliMion, and light the hydrogen at 
' ' the end of the delivery-tube used, 

.^ jlgjgg^^^^^ frg , Hold over the flame a tumbler or 
beaker, which is perfectly clean, 
dry, and cool. The inside of the 
vessel will become dimmed with 
moisture, showing that when hydro- 
gen gas is burnt in air it unites 
with the oxygen and produces water 
vapour; 2H2 + 02 = 2H20. 
Dbyimq Tltbrb. Jj^ pj^gj ^^ jj^^g j^g ^b^^g TeaultB 

conclusive the hydrogen should be dried before it is burnt, 
and the moisture should be proved to be pure water. 
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The gas may be dried or desiccated by passing it through 
Bome substaDce which readily absorbs moisture, such as 
Btrong sulphuric acid or calcium chloride. A straight tuba 
containing fragments of calcium chloride (fig. 36 a), or a 
U-tube filled with pieces of pumice-stone moistened with 
strong sulphuric acid (6), may he connected with the hydro- 
gen apparatus for the purpose of drying the gas. 

The amonnt of water which ib deposited apon the cooled heaket is 
too amall to allow of its parity being sscertained, but a larger qnuitity 
may be obtaini^d by allowing the hydrogen flame to impinge for some 
time upon a cold sarhoe, as ie directed below. 

ExPT, 63. — A convenient way of ooUocting water from the comboa- 
tioQ of hydrogen is ihown in fig. 37, An eight-ounce retort is supplied 
with a constant 

stream of tap-water, Fio. 37. 

the water entering 
_ through the tubnlure 
by means of A rubber 
tube, ftnd overflowing 
to the sink through 
the neck. The hydro- 
gen flame is mode to 
play against the bnlb 
of the retort, and the 
condensed water 
which drops from the 
bottom of the retort 
is collected in a clean 
dish. 

The liquid which 
is thus obtained may 
be shown to be water 
by poBseasiiig neither 
taste nor smell, and 
by the fact that dried 

copper sulphate is immediately turned blue when it in moistened with 
the liquid. This latter reault is given by water only (Eipt. 78, p. 69). 

ExPT. SI. — FOl a short tbick-glass cylinder with water, and invert 
it in a pan of water. Displace two-thirds of the water in the cylinder 
with hydrogen (EipL 58, p. BS), and the remainder with oxygen 
(Expt. 48, p. 45). Let the jar stand with its month under water for 
five or lix minntca In order to allow the gues to mix. Then raise the 
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iDTwted jftr tad spplj a lighted taper ; the gases will combine to form 
water with a loud explosion. 

56. Testa for Hydrogen.— Hydrogen gas is recognised by bamiug 
with a pale flane in air or in oxygen, the Same ofthe dried gas depositing 
water on any cold object which is held above it. It also explodes with 
focmatioD of moisture, when it is mixed with oxygen or with air and fired. 

57. Bsttmatiott of the Volume of Hydrogen which is 
evolved by the action of Hydrochloric Acid upon Zinc. — 

A Bimilar apparatus to that which haa been described in 
Expt. 53 (p. 49) may be used for this estimation, but the 
test-tube is replaced by a flask. 

EiPT. 65. — Weigh out accurately one gram of zinc and 
place it in a six-ounce wide-necked flask, which has been 
fitted with a perforated rubber cork, carrying a short upright 
tube. Add about 14 c.c. of water, and introduce carefully 
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into the flask a test-tube three inches long by half an inch 
broad, which has been almost filled with strong hydrochloric 
acid {Caution, p. 26). 

Connect the flask with the tube of the aspirator by means 
of a rubber joint. The apparatus will now be arranged as is 
shown in fig. 38. 

Ascertnin that the fittings are air-tight, and then tilt the 
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flask so that the acid runs out of the test-tube iato the flask, 
and comeB into contoct with the zinc. When no more gas 
is evolved, collect the water which has been displaced by 
the gas in a glass cylinder, measure it, and correct the 
volume for temperature, as has been described in the note, 
paragraph 47. 



Natural Watbks. 

58. Water is never found in nature perfectly free from 
dissolved solids. Even carefully collected rain-water con- 
tains some substance in solution. Spring-water, river-water, 
and well-water usually contain some solid matter, which 
they have dissolved from the soil or rock with which they 
have been in contact. 

The amount of solid matter which is dissolved in water 
can be readily determined by boiling a measured vohmie of 
the water to dryness and weighing the residue. 

ExpT. 66. — Weigh a small porcelain-dish and measure 
into it 50 c.c, of tap-water (9). Then heat the dish by 
means of a small Bimsen-flame, as is described in Expt. 
33 (pf^e 32), carefully avoiding vigorous elndlition, which 
would cause the liquid to spirt out of the dish and would 
lead to loss of dissolved matter. If the dish is heated over 
the water-bath (66), all risk of such loss will he avoided. 
As soon as the contents of the dish are dry, weigh the clean 
diy dish again. The increase of weight will be the weight 
of the solid matter which was present in the 50 c.c. of 
tap- water. 

In order to free water from dissolved solid s, it is s ubjected 
to 'distillation.' ^^\, iB " ■^'l'^^, 

(University I 

DbTILLATION, V n . J 

>^CALIFQH'*i>: 

59. The process of SistdllatioD serves w*iiLip i{ iin i u 'fl q uidB, 
which boil at a comparatively low temperature, either from 
solids, or from other liquids which are only converted into 
vapour at a much higher temperature. It consists in boiling 
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the liquid, tmd cooling or eondtnsing its vapour isto & liquid 
which is termed ike distillate. The non-'volatile sohd or 
liquid auhstances are left behiud in the vessel in which the 
liquid is boiled. The purification of common spring-water 
from the solid substances which are dissolved in it, will 
serve as an example of this process. 

ExPT. 67. — ^Distillation of Water. — Pour tap-water into 
a clean eight-ounce retort (fig. 39) through a funnel placed 
in the tubulure, until the retort is half full. Support the 
retort on the ring of a retort-stand or upon a tripod-atand, 
with its neck sloping downwards, and push the neck into a 
small clean flask, which is partly immersed in cold water 
contained in a pan or bowl. Now carefully boil the water 
in the retort, avoiding such tumultuous agitation of the 
liquid as would project it into the neck of the retort. Steam 
will pass into the flask and will be there condensed to dis- 
tilled water. Shake the first portion of the distillate round 

Fio, 39, 



in the flaek and throw it away, as it is apt to have been 
rendered impure by rinsing the neck of the retort and the 
flask. 

6o. TeBtB for Salts dissolved in lap-water, — The follow- 
ing tests serve to indicate the presence of some ot the salts 
which occur most frequently in ordinary water-supplies. 
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Any or all of these salts may be almost or entirely absent 

from any particular water-supply. 

ExPT. 68. — While the process of diatillatiou is going on, 
separate portions of the tap-water may be siibjected in 
separate test-tubes to the following tests : — 

CJhloride.— Add several drops of nitric acid and of silver 
nitrate solution. If the water becomes milky, the presence 
of chloride in the water is indicated. 

Calcium Salts. — To a separate portion of tap-water in p^ 

another test-tube add some ammoniiim hydrate and some <si 

ammonium oxalate solution. The presence of calcium salts ^ 

is indicated by the production of turbidity. i-i 

fJ 

Sulphate.— The presence of sulphate is proved if turbidity 

is caused by adding a few drops of hydrochloric acid and of ^ 

barium chloride solution to another portion of the tap- 2 

water. p- 

If separate portions of the distilled water from the Sask ^ 

are examined by the same teats they will remain clear, since b=: 

any of the above solid substances, which were present in ^ 

the water, will have been removed by distillation. »-" 

Hardness. — The presence of calcium or mi^nesium salts 
in the tap-water causes the precipitation of soap. Water 
which produces this result is termed 'hard.' Sodium chloride 
and certain other salts, if present in lai^e amount, may also 
cause the precipitation of soap. 

Dissolve a small shaving of ordinary soap by warming it 
in a little distilled water. Add a few drops of this soap- 
solution to some tap-water which half fills a test-tube ; close 
the mouth of the test-tube with the thumb, and shake the 
water well. It no lather forms, and the water becomes 
turbid owiDg to the separation of the soap, the tap-water 
is ' hard.' In this case, repeat this experiment, substitut- 
ing an equal quantity of distilled water for the tap-water, 
and adding soap-solution to it in the same quantity as 
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before ; a lather will be formed when the water is shaken, 
and the liquid wilt not become turbid. 

6l. Tests for In^nrities in Distilled Water. — Distilled 
water should leave no residue when it is evaporated to dry- 
uesB. When solutions of ammonium oxalate, stiver nitrate, 
barium chloride, and ammonium sulphide are separately 

added to different portions of the water, no turbidity or 
darkening of colour should be produced, These testa prove 
the absence of calcium salts, of chlorides, of sulphates, and 
of lead and iron salts. 



SOLITTIOM. 



62- Soltition. — Many solid substances, when they are 
stirred or shaken with water or with some other liquid, 
gradually dissolve. The liquid which is tlrns obtained is 
called a solution of the solid, and the liquid which dissolves 
the solid is termed the solvent. Further, a solid which 
dissolves in a liquid is said to be soluble in that liquid ; if 
it does not dissolve, it is said to be ineoluUe. 

The process of solution is most rapid when the solid sub- 
stance is in the state of 'powder. The process is also much 
hastened by heating the solvent. 

Water is the solvent which is most frequently used, but 
some bodies are insoluble in water, and others dissolve 
only slightly. Most substances are more easily and largely 
soluble in hot than in cold solvents (67). 

Some bodies, which are insoluble in water, are readily 
soluble in other liquids. 

6^ Simple Solution occurs when a substance dissolves 
in a Uquid without undergoing alteration in composition. 
The solid substance is therefore obtained again unchanged in 
composition when the solvent is removed by the evaporation 
of the solution. 

ExPT. 69. — Powder a tittle copper sulphate in a mortar, 
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and transfer it to a small poroelain-dish. Half fill the dieh 
with water, and heat it with a small flame upon a pipe- 
clay triangle placnd on a tripod or retort-stand. The blue 
copper sulphate will dissolve, yielding a Wwe solution. Keep 
this solution for Eapt. 74. 

64. Chemical Solution, on the other hand, is always 
attended by a chemical change in the Biibstance which has 
been dissolved. The solution therefore contains a sub- 
stance differing in composition from the undissolved solid, 
and when the solvent is removed by evaporation (66) the 
original substance is not obtained. 

ExPT. 70. — Place a small piece of marble (calcium car- 
bonate) in a test-tube, pour in a little water, and heat the 
tube. The calcium carbonate will not disappear. Pour off 
this liquid and keep it. 

Now add some hydrochloric acid ; effervescence, or escape 
of numerous small bubbles of gas, will occur. This gas 
will render lime-water turbid, and is therefore carbon 
dioxide gas. The piece of calcium carbonate will mean- 
while slowly diminish in size, and will at last entirely 
disappear in the liquid, if sufficient acid has been added. 
Keep this solution. 

This is an example of chemical solution. The calcium 
carbonate is changed by the hydrochloric acid into calcium 
chloride, and this substance, and not the original calcium 
carbonate, remains in solution. 

It will be noticed that a gas is given off. This ia a very 
usual, but Dot a universal, effect of chemical solution. 

65. Action of Water and of other Liquids upon Snb- 
Btances. — The effect of treating various substances with 
water and with acids may now be studied. 

Heat a small quantity of a powdered solid with water, 
and note whether the substance dissolves entirely. 

If the substance has not dissolved, a few drops of the 
clear hquid may be evaporated to dryness by gcdtle heat in 
a watch-glass ; if a residue is left, a portion of the sub- 
stance must have been dissolved. 

■ sic 
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This is confirmed if the water has become coloured by 
contact with the Bubstonce, or if blue litmus or turmeric 
teatpaper (145) becomes changed in colour when it is dipped 
into the liquid. 

Treat separate portions of the substance in a similar 
manner with each of the common dilute acids and subse- 
quently with the same acids in an undiluted condition. 
Notice whether the substance is partially or wholly dissolved; 
also whether any gas is given off; note also any other 
changes which occur. 

For practice in the method observe the effect (1) of wat«rj 
(2) of dilute hydrochloric acid, and (3) of dilute sulphuric 
acid on calcium carbonate. 

ExPT. 71. — Pour a few dropa of the water, which has been 
heated with calcium carbonate (Expt. 70), into the hollow of 
a watch-^laee and heat the glass at some distance from a 
small flame until it is dry ; no solid residue will remain on 
the glass, showing that calcium carbonate is insoluble in 
water. 

Evaporate a few drops of the solution of marble in hydro- 
chloric acid (Eipt. 64) in a similar way ; white calcium 
chloride will remain. Marble baa been shown to be com- 
pletely soluble in hydrochloric acid. 

Pour some dilute sulphuric acid upon a small quantity of 
powdered marble in a test-tube and heat the liquid. The 
powder will effervesce slowly, and will give off carbon dioxide 
gas, but the powder will not disappear even when more 
acid is added. Allow the liquid to stand until it is clear, 
and then evaporate a few drops upon a watch-glass. A 
white residue will remain. In this case a white powder 
remains undissolved by the acid, and some of the same 
substance pasaea into solution and is obtained by evaporat- 
ing the liquid. This is due to the conversion of the calcium 
carbonate iuto calcium sulphate, which then passes partially 
into solution. 

LH.-reM,C,00'^lc 
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ExPT. 72. — Try the effect of water, dilute hydrochloric 
acid, dilute sulphuric acid, and dilute nitric acid respectively 
upon a small portion of each of the following substances, 
and note down the results obtaiued : calcium oxide, copper 
oiide, lead oside, and zinc. 

Saturated Solution. — The amount of a solid substance 
which can undergo simple solution in any particular solyent 
usually increases with the increase of temperature of the 
solvent. But there is always a limit to the amount of the 
solid which can be dissolved by a particular volume of the 
solvent at any one temperature. A solution which contains 
this maximum possible amount of the solid is known as a 
'saturated solution.' A method for estimatir^ this amount 
is given in the next paragraph. 



EVAFOBATION. 



66. Evftporation, — When it is wished to obtain a sub- 
stance, which is dissolved in a liquid, in the solid condition, 
the liquid is removed as vapour, or evaporated. The solid 
substance is then left behind in the vessel. 

A solution is usually evaporated by beating it in a 
porcelain-dish. A Bunsen-flame is commonly employed as 
the source of heat. The flame should be reduced in size 
towards the end of the process, in order to prevent the 
Uquid and the substance from spirting out of the dish. The 
dish may also be heated by means of steam by placing it 
upon a water-bath (fig, 40, p. 68) ; the process is thus 
rendered much less rapid, but risk of spirting is avoided. 

As an exercise in evaporation, the amount of a solid sub- 
stance which water can dissolve at any particular tempera- 
ture may be ascertained. For this purpose a measured 
quantity of the saturated solution is evaporated to dryness 
and the residue is weighed. 

ExPT. 73. — Half fill an eight-ounce beaker with distilled 
water and heat the water nearly to boilmg. Then drop in 
powdered potassium chlorate in small successive qiiantities 

'Sl^ 
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DDtil the last portion is not dissolved. Now allow the 
liquid to cool to the temperature of the laboratory, which 
should be noted. A portion of the dissolved salt will sepa- 
rate from the solutioo, because potassium chlorate is more 
soluble in hot than in cold water. 

Remove 25 c.c. of the clear solution, by means of a 
pipette, to a weighed porcelain-dish, and weigh the dish 
with the liquid which it contains. Evaporate it carefully 
to dryness. Allow the dish to cool, and then weigh it. 
The increase of weight of the dish will correspond to the 
weight of the salt which was dissolved in 25 cc. of the 
liquid. From this result the percentage weight of salt, 
which was dissolved in the saturated solution at the par- 
ticular temperatiu^ noted, may be calculated, sinc« the 
weight of water which dissolved the known weight of the 
salt will be equal to the difference between the weight 
of the dish with solution and the weight of the dish with 
the salt- 

Cbystalusation. 

67. CrjrstaUisation.— A part of the liquid may be evapor- 
ated from a solution for the 
"^ *"■ purpose of concentrating it. 

When the hot solution has 

been sufhciently concen- 
trated, it will frequently 
deposit a'yetalg of the dis- 
solved substance while it is 
cooling. 

If the process of crystal- 
lisation is allowed to take 
_ place slowly, the crystals 

will be large and distinct, 
and will be seen to possess a 
TnB Watbr-bath. definite geometrical shape. 

ExPT. 74. — Concentrate the copper sulphate solution 
(Expt. 69, p. 6i), and allow the liquid to cool. If sufficient 
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water has been evaporated, crystals of copper aulphate will 
form. Keep the solution for Expt. 81. 

ExPT. 75. — Half fill an eightounce beaker with water, aud 
heat the liquid to boiling. Add small successive quantities 
of powdered alum, until the last portion which is added is 
not dissolved. Thea allow the solution to cool. Colourless and 
transparent crystals will be deposited, and each of them will 
be in the form of a more or lees perfect regular octahedron. 

If the crystals are small, a lens may be used to observe 
their shape and appearance, 

ExPT. 76. — Crystallise from water the following salts and 
note the shape and colour of the crystals. 

Potassium chlorate. Magnesium sulphate. Lead chlo- 
ride. Potassium dichromate. Potassium ferroeyanide. 

68. Water of Cryatalligation.— Many substances retain a 
definite proportion of water when they are crystallised from 
their solution in water. This water appears to be chemi- 
cally combined with the substance. It is known as water of 
crystallisation. It is, as a rule, readily driven off by heat. If 
the crystallised salt is coloured, it frequently loses its colour 
when the water of crystallisation has been driven off, and 
the dry salt regains its colour t^in when it is moistened. 

ExPT. 77, — Heat a crystal of washing soda, or sodium 
carbonate, in a test-tube held in a horizontal position. The 
crystal will quickly melt ; the liquid will then boil and water 
will be seen to condense in the upper part of the tube. The 
amount of water present in clear washing-soda crystals 
amounts to more than half the weight of the crystals. 
This may be proved by treating the crystals as is described 
in Expt. 79 for barium chloride crystals. 

ExpT. 78. — Heat a crystal of copper sulphate ; water will 
be given off from the blue crystals, and the residue will be 
white. When the residue is cold, moisten it with water; 
the salt will r^;ain its blue colour. 

Expt. 7 9. — Weigh a porcelain crucible aud gradually intro- 

'gi^; 
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duce powdered crystallised barium chloride into it until itB 
weight is increased by exactly two grams. Support the 
uncovered crucible upon a pipeclay triangle on a tripod-stand 
{fig. 41), and heat it for about fifteen minutes. Then cover 
it, allow it to cool, and weigh it again. Tlie whole of the 
water will have been driven off from the crystals, and the 
loss of weight suffered by the crucible and salt will give 

Fio. 41. 



Eeatinq in Crucible. 

the weight of water contained in two grams of the crystal- 
lised salt. From these numbers the percentage weight of 
the water of crystallisation in the crystals may be calculated. 



Precipitation. 

69. Precipitation. — It has already been stated that 
many eubstances are insoluble in water. By mixii^ two 
perfectly clear and transparent solutions tt^ther it is 
possible to produce a substance which is insoluble in the 
liquids which are present. When this occurs the liquid 
becomes more or less turbid or opaque, owing to the sepa- 
ration of a solid substance. A solid substance which has 
been thus produced in a liquid is called a precipitate. 

JISPT, 80. — Pour ipto a test-tube a little bariurn chloride 
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solution, aod add to it Bome Bolution of tunmonium car- 
bonate. A white precipitate of barium carbonate will be 
produced. Keep this test-tube with the precipitate. 

A substance is often purposely removed from its solution 
by causing it to form an insoluble compound or precipitate. 
The substances which are added for this purpose are termed 
reagents ; they are commonly liquids. 

In producing a precipitate, care must be taken that the 
two solutions are well mixed. 

A precipitate is often caused to appear more rapidly by 
mixing or agitating the liquid, or by wanning it. 

Solid substances are occasionally used to produce pre- 
cipitates. Thus a metal is not wufrequently precipitated 
from the solution of its salt by the immersion in the liquid 
of another metal. 

ExFT. 81. — Dip a clean penknife-blade into some of the 
copper sulphate solution (Expt, 74), to which a few drops 
of dilute sulphuric acid have been added. After a short 
time metallic copper will be precipitated from the solution 
and will cover the iron as a red film. 

The appearance and character of a precipitate should be 
carefully noted, since the precipitate is frequently identified 
by these qualities. It may be coloured, flocculent, gelatinous, 
light or heavy, and cryatalline or non-crystalline. The 
reagent sho\ild also be added in gradually increasing 
quantity, in order to ascertain whether the precipitate varies 
in character with varying proportions of the recent, and 
whether the precipitate is soluble in excess of the reagent. 

Expt. 82. — Note down full particulars concerning the 
appearance and character of the precipitates which are 
produced when the following liquids are mixed : — 

Solutions of ammonium hydrate and of alum. Dilute 
hydrochloric acid and silver nitrate solution. Solutions of 
potassium chromate and lead acetate. Solutions of hydrt^en 
sulphide and mercuric chloride. Solutions of potassium 
iodide and mercuric chloride. Solutions of potassium 
hydrate and alum. 
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Filtration. 

70- FiltratioiL — This process is gonerally used to separate 
a solid substance from a liquid. It serves to separate a 
soluble from au insoluble substance after the mixed sub- 
stances have been treated witb a suitable solvent ; it is alao 
constantly employed to effect the separation of a precipitate 
from a liquid in which it i^ suspended. 

The liquid containing the solid is poured upon porous 
paper, called JiUer-paper. The suitably folded paper is. 
known as the filter. The liquid itself paaees through the 
pores of the paper, but the solid particles of the precipitate 
are retained upon the surface of the paper. The liquid 
which has passed through the paper is termed the filtrate. 
A filtrate may frequently be coloured by some substance 
disgolved in it, but it must always be pwrfectly free from 
turbidity caused by solid particles m^&nded in it. 

ExPT. 83. — Measure a glass funnel along its sloping side 
from shoulder to rim (fig. 42). Select a circular filter-paper, 

Fn:. 42. pui. 43. 

T ^ 

The Fitknbl. Thk Filtek. 

the radius of which is somewhat less in length than this 
measure ; fold the paper across into a semicircle, and then 
again at right angles into a quadrant ; then open out the 
qiiadraot into the little conical bag (fig. 43). 

Now press the folded filter into the dry funnel, and alter 
the folding if necessary until the paper fits the glass closely. 
Then moisten it all over with water from the wash-bottle. 
The filter is now ready for use. 

The funnel may be placed with its neck in a test-tube 
or flask while the filter is being used. Care must, however, 
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be taken that there is a space between the neck of the 
funnel and the inaidc of the tube, since the filtration is 
stopped it the egress of air is prevented. The funnel is 
often preferably supported wpon the ring of a wooden filter- 
stand (fig, 44), and the filtrate is received in a smajl beaker 
instead of in a test-tube. 

The edge of the filter must always be below the rim of 
the fimuel, and the liquid inside the funnel must not reach 
the upper edge of the filter-paper. 

ExPT. 84. — Grind some potassium nitrate and some fine 
silver sand together in a mortar until the substances are 
intimately mixed. Pour a little water upon the mixture 
and mix it well with the pestle. Then transfer the liquid with 
the solid to a filter. The sand will rem^n upon the filter, 
and the solution of potassium nitrate will pass through as a 
clear liquid. The potassium nitrate, which has thus been 
separated in solution from the sand, 
may now be recovered in the solid '*"' 

state by evaporating the filtrate. 

ExPT. 85. — Filter the liquid which 
cont^ns the precipitate of barium 
carbonate from Expt. 80. The fil- 
trate should nm through perfectly 
clear, leaving the barium carbonate 
upon the filter. Keep the funnel 
with the filter and the precipitate. 

Sometimes the filtrate passes 
through the filter in a turbid con- 
dition. If this is the case the 
whole of the filtrate, or the first 
portions of it, must be poured once 
or twice through the same filter 

until the turbidity is removed. The Tbb Filter-stakd. 
process may be hastened by pouring the liquid through 
two filter-papers folded together so as to form one filter ; 
a double filtration is thus effected in one operation. 

It should bo lx>me in mind that the rate at which b, 
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liquid pttases throi^h the filter is increased by heating the 
liquid. Hence a Bolution should always be heated before it 
ia filtered, unless this is inadmissible for special reasons. 



Dbcantatios. 
71. — DeoantaUou. — A praclpitate which settles down rapidly may 
frequently be separated Irom the liquid by the process of decantstion 
without the use of a filter. 

In order to effect this, the veaael which contaioB the liquid and the 
precipitate Ja allowed to stand at rest antil the precipitate has settled. 
The liquid is then carefully 
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1 off or decanted by 
gently inclining the vessel. 

A wetted glass rod should 
be pressed against the edge 
or lip of the vessel (fig. 4&), 
in order to prevent the dis- 
turbancG of the precipitate 
during the decactation of 
the liquid. 

It the process is carefully 
performed it wilt effect a 
nearly complete separation 
of a heavy precipitate tnm 
the liquid. 

EsPT. 86.— Add some aodiam carLonate solution to a hot aolntion 
of lesd acetate. A heavy precipitate of lead carbonate will be formed. 
This may be readily seiiorated from the liquid by decanlaiaon in the 
manner just described. 




Dbcantation 07 Liquid. 
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SECTIOK VI. 



OABBON, OXIDES OP CARBON. 

CARBONATES. 

COAL-QAS, MBTHANE. ETHYLENE. 

COMBUSTION, FT .A ME. 



Carbon. 



72. Carbon occurs in several different forma in nature. 
The diamond is carboa in a crystalline and almost pure con- 
dition ; graphite is another crystalline and generally less 
pure form of carbon; while the different varieties of coal 
cousist of carbon in a condition usually far less pure. 

Charcoal and coke are impure and artificial forms of 
carbon, which are made from wood and from coal respect 
ively by heating them out of contact with air. The volatile 
matter is thus driven oS, and a residue of carbon is left, 
which contains any mineral matter which was originally 
present in the wood or coal. 

ExPT. 87. — Heat a small piece of wood in a teat-tube, held 
in a horizontal position. At first water vapoiir will he given 
off, and wilt condense in the upper part of the tube. After- 
wards inflammable gases will be evolved, and may be kindled 
at the mouth of the tube. Later on, dark brown tarry 
vapours pass off and collect in the liquid form inside the 
tube. When the tarry matter ceases to he given off, turn 
out the. solid residue from the bottom of the tube ; this will 
consist of a piece of black wood-charcoal. 

ExPT. 88. — Heat a small piece of coal in a test>-tul)e in a 
sinular way. Gag will at first be given off, which may be 
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kindled and burnt with a luminoua flame at the mouth of 
the tube. After a time, black tarry matt«r with an offensive 
smell will collect in the upper part of the tube. As soon as 
the tar has ceased to come ofT, turn out the solid residue from 
the tube, and notice that it is ordinary coke. 

73. Seduction by Charcoal. — Strongly-heated carbon is 
used as a reducing agent for withdrawii^ oxygen from a 
substance, and the smelting of metals from their ores is 
frequently effected by its means. Iron, copper, tin, and zinc 
may be reduced from their osides and smelted from their 
ores by means of carbon at a high temperature. 

EzPT. 89. — Make a small shallow hole on the surface of a 
piece of charcoal by means of a knife, and place a small 




quantity of lead oside in the cavity. Heat tlie lead oxide in 
the blowpipe-flame {23) in the manner shown in fig. 46. 

The osygen of the lead oxide will combine with the carbon 
of the charcoal, and a bright globule of metallio lead will be 
left in the cavity. 

74. Decolorising Power of Charcoal. — Charcoal possesses 
the power of destroying many coloured substances jn spin- 
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tion. This is due in some cases to an absorption of the 
colouriDg matter in the charcoal and in others to the power 
posseaaed by the carbon of absorbing oxygen from the air 
which osidises the coloured substance. Charcoal made 
from bones seems to act most rapidly. 

EzPT. 90. — Wanh a little blue litmus solution with a fiur 
quantity of bone charcoal. Allow the mixture to stand a 
short time and then filter it. The blue colour will be found 
to have disaj^^eared, and a colourless liquid will remiun. 



OxiDBS OP Carbom. 

When carbon is burnt in a lai^e supply of osygen, it is 
converted into carbon dioxide gas (£kpt. 49, p. 46), But if 
the supply of oxygen is limited, part of the carbon will 
combine with a less proportion of oxygen, and some carbon 
monoxide gas will be produced. 

Experiments which illustrate the preparation and the 
study of the properties of these two gases are given below. 



ClHBOH MOHOXIDB OAB, CO. 

Carbon monoxide is produced whan a limited volume of air is 
passed otbt b large anrrace of red-hot chorcoBl ; C + = CO. The gas 
is often formed in this nay in open grates, and is seen bnming with 
its cbaracteriatic bine flame at the upper BDrface of the glowing fnel. 
It is poisonona when it ia inhaled in any quantity. 

Two methods for preparing carbon monoxide are described below 
(75> 7^)- "^^^ £"» 'B most easily made by heating sodium formate with 
sulphuric acid (76). The preparation from oxalic acid (75} is, however, 
also described, because it ftimlshes a good illnstration of the ordinary 
method of purifying a gas by washing it with a suitable liquid, or by 
passing it over fragments of a suitable solid. 

75. Pieparatlon of Carbon monoxide trom Oxallo add. — A mis- 
tore of carbon monoside with an equal measure of carbon dioxide may 
be prepared by heatiug crystals of oxalic acid with strong snlphnric 

H,C,Oi3H,0+H330,=CO+CO,+Hj30i.3H80. 

EXPT. 91. — Ponr upon a few crystals of oxalic acid, contuned in a 

boiting'tabe, abont twice their volnme of strong snlphnric add, and 



78 pekpabation of carbon MONOXIDK. [76, 

best the mixture. In a sliort time efiervucence will cammence, show- 
ing thst gas is being evolved. 

Introdtice into the month of the boiling-tube a gliLSS rod, which hM 
been freshl; dipped into lime-water ; the drop of lime-water hanging 
upon ita end will become milky, proving that carbon dioxide is present 
in the eicsping gas. Hold the mouth of the boiling-tube ageinat a 
Buneen-flame, a blue tlame wil! appear at the mouth of the tnbe, show- 
ing that carbon monoxide gas is also being evolved. 

In order to remove the carbon dioxide and to obtain pnre carbon 
monoxide, the mixture of gases is either moahed with a lolntion of 
CBuatic soda, or it ia passed over pieces of solid caustic soda, or of soda- 
lime. Caustic soda absorbs the carbon dioxide readily, but it does not 
sSect carbon monoxide and allows it to pass on ; 

CO -KMj + 3NaH0 = CO -H NajCOj + H A 



FREFABi,T10N AND COLLECTION OF CaEBON UOHOXIDE. 

ExFT. B2.— Heata mixture of oxalic acid crystals and strong snl- 
phiiric acid in a flask fitted as is shown in figure 17- Kemovo the 
flame, and moderate the heat, as soon as etTervescence commences, else 
the acid will froth over. 

Allow the gases which are evolved to pass through a wash-bottle 
containing caustic soda solution, or through a suitable tube filled with 
fragments of soda-lime, or with fragments of pumice-stone moistened 
with atrong caustic soda solution. The bulbed tube (a) or the U-tnbe 
(&), shown in fig. 36 (p. GS), are commonly employed as receptacles 
for the solid reagents. If the carbon dioxide is to be completely 
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removed, the gases mast be passed through two or mora sach tabes or 
bottles, )ind the stream of gas muat be slow. 

The carbon monoxide gas may be collected over water. It will 
prodace no milkinees when it ie shaken with lime-water, nnleis the 
stream of gas baa been so rapid that the caustic soda has not be«n able 
to absorb the carbon dioxide completely. 

76. Preparation of Carbon monoxide tima Sodinm formttt«.— 
When sodium formate is heated with strong sulphuric acid, carbon 
moDoiide alone is given off: 

NaHCOj + HjSO. = CO + NbHSOj. H,0. 
Carbon monoxide is obtained free from carbon dioxide bj this process. 
The preparation may be carried out in the apparatus shown in fig. 29 
(p. 41). 

77. Carbon monoxide ■bums in Air, forming Carbon dioxide.— 
Cwbon monoxide resembles hydrogen by being inflammable and by 
extinguishing fiame. It also bums explouvely when its mixture with 
a suitable proportion of oxygen or of air is kindled. Hence, before 
this gas ia collected in any quantity, a test-tube should be filled 
with it, and thia small quantity of gas ehonld be kindled in order to 
see that it does not bum eiplosirely owing to admixture with air. 

EsPT. 93.— Push a burning taper up into an inverted jar filled with 
caiboD monoxide. The ^as will burn with a blue &ame at the mooth 
of the jar, but the Same of the taper will be extinguished. 

As soon as the gas baa ceased to burn inside tlie cylinder, pour in 
a little lime-water and shake it about. The liquid will become milky, 
showing that the combustion of carbon monoxide in the oxygen of the 
air has produced oarbou dioxide gas : CO + = COj. 

78. Test for Carbon monoxide.— Carbon monoxide is recognised by 
bumiDg with a pale blue flame in the air, and producing carbon 
dioxide which renders lime-water milky. 



Carbon dioxide gas, COj. 

79. This gaa was formerly called carbonic acid, a name 
which ia incorrect, since all acids contain hydrogen. 

When carbon was burned in oxygon (Espt. 49, p. 46) car- 
bon dioxide gas remained in the jar. The gas is much more 
easily obtained by pouring hydrochloric acid upon some 
pieces of marble : 

CaCO„+ 2HC1 = CO^ ■*- H^O + CaCl^. 
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ExPT. 91. — Rinse out the apparatuB which was used for 

preparing hydr(^en (Expt. 58, p. 55), or fit the apparatus 

shown in fig. 48, and place in it some small pieces of marble. 

Fit into the rubber joint a delivery-tube bent at right angles, 

as is shown in fig. 48. Four in sufBcient water to cover 

the marble aud the end of the fumiel-tube, and add strong 

commereial hydrochloric acid through the funnel-tube until 

the gas comes off with brisk effervescence. 

Since this gas is soluble in water and is heavier than air, 

it should be collected by downward 

Fig. 48. displacement. For this purpose the 

delivery-tube is placed in a jar with 

its end nearly touching the bottom, 

and the gas is allowed to pass into 

the jar for several minutes. 

It is well to check difiusion by 
coveting the mouth of the jar with a 
small disc of cardboard, which has 
had a slit of hole cut in it for the 
delivery-tube. 

Carbon dioxide will soon fill the 
Prepabation and i'"'i *nd the jar is known to be full 
Collection of Caubon when the flame of a lighted paper held 
niDxiDB. inside its mouth is extinguished. 

8o- Properties of Carbon dioxide. — Carbon dioxide may 
be proved to be heavier than Mr, by showing that it remains 
in a vessel which is open above, and falls out of one which 
is open below. 

EXPT. 95.— Allow a jar of carbon dioxide to stand un- 
covered with its mouth upwards for a few minutes. Then 
place in the jar a burning taper. The carbon dioxide will 
be proved to be still present in the vessel by the immediate 
extinction of the flame. Now hold the jar for several 
minutes with its mouth downwards, and introduce a lighted 
taper; the flame will continue to bum as it does in air, 
showing that only air is present in the vessel. 
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ExPT. 96. — Tilt a jar of carbon dioxide a little beyond 
the horizontal poBition (fig. 49), with its mouth over that of 
a small beaker. After a short time, it may be shown by 
means of a lighted taper that the gas has left the jar and is 
present in the beaker. 

ExPT. 97. — Pour some lime-water from a test-tube into a 
jar of carbon dioxide, and shake 
the liquid round in the jar ; the 
lime-water will at once become 
milky. The lime, which was 
disBolved in the water and was 
therefore inyisible, has been con- 
verted by the carbon dioxide 
into ohalk or calcium carbonate ; Powrikg off Casbon 
and this, being an insoluble dioxide. 

substance, remains suspended as a white precipitate in the 
water: CaHjOj-nCOjsCaCOj-nHaO. 

Carbon dioxide gas readily dissolves in cold water, 
forming a liquid which contains carbonic acid. Its solu- 
bility in water, and its removal by boiling, may be shown 
by the following experiments. 

ExPT, 98. — Displace the wr by means of carbon dioxide 
from a jar already half filled with cold water. Then 
close the mouth of the jar tightly with the wetted palm of 
t^e hand, and shake the gas and the water together vigor- 
ouaiy for a short time. The mouth of the jar will now 
firmly adhere to the hand, owing to the reduction of the 
internal pressure caused by the aleorption of the gas. 

A further proof of the solution of the gas is afforded by 
adding lime-water to the liquid ; the lime-water will imme- 
diately become milky. 

ExPT. 99. — Dip the end of the delivery-tube of the 
generating apparatus (fig. 18) into some water, which has 
been coloured blue with litmus and poured into a smalt 
beaker. The blue litmus will become dull red in colour, show- 
ing that the water has become acid. Boil half of this solu- 
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tioQ [or a abort time. The litmus will change back to blue, 
showing that the gas ib readily espelled [rom its Bolutioo in 
water by boiling. 

ElPT. 100. — Dilute Bome lime-water in a small beaker 
with an «qual quantity of distilled water, and allow carbon 
dioxide gas to bubble through it. The milkinese which is 
produced at first will gradually disappear, showii^ that 
calcium carbonate is soluble in carbonic acid. 

Boil some of this clear liquid for several minutes. The 
carbonic acid will be removed, and the liquid will become 
milky again, because the chalk can no longer remain dis- 
solved. Now pour out the water : part of the calcium 
carbonate will be seen adhering to the inside of the vessel ; 
it may be readily removed by rinsing the vessel with a little 
hydrochloric acid. 

The above experiment esplains the origin of the coating 
or incrustation inside kettles and steam boilers, in which 
hard chalk water has been boiled. Such water contains 
chalk dissolved by carbonic acid ; this acid is destroyed by 
the removal of the carbon dioxide when the water is boiled, 
and a great part of the chaJk is deposited upon the inside of 
the vessel. 

8l. Tests for Carbon dioiide.— The presence of carbon 
dioxide gaa may be detected by its power of extinguishing 
a buming taper, and of turning lime-water milky. The 
latter test distinguishes it from nitrogen. 

These tests may now be employed to prove that carbon 
dioxide is evolved from the lungs during the process of 
respiration, and also that it is produced by an ordinary 
flame. 

EXFT. 101. — Breathe through a glass tube into lime-water 
contained in a small beaker. The lime-water will become 
milky. 

EzFT. 103. — Light a small piece of candle or wax-taper 
upon a deflagrating spoon, and introduce it into a bottle of 
air (fig. 50). After the flame has burnt for a short time it 
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will be extinguished. Now pour in some lime-water and 
shake it round in the bottle : the liquid will become milky. 

Carbon dioxide gas is constantly being introduced into 
the atmosphere by respiration and by combustion. It in 
not ordinarily present in sufficient quantity to extinguish a 
burning taper;, but its presence 
may be shown by means of lime- 
water (Expt. 56, p. 53). 



The Carbonates. 



S2. Carbonic add and Car- 
bonates. — When carbon dioxide 
gas is passed into litmus solution 
(Expt. 99, p. 81) the litmus solu- 
tion becomes red, showing that 
an acid has been produced. This 
acid is very unstable, and is 
decomposed when its solution is 

heated. The salts which corre- Production of Carbon 
spond to this aoid are caUed carbon- dioxidb by Oandlb 

ates; they are much more stable * '''" 

than carbonic acid, hut they are easily decomposed by the 
action of acids. 

83. Sodium carbonate. — The preparation of sodium 
carbonate may be taken aa typical of the method of pro- 
paring the metallic carbonates. Many of them may be 
prepared by passing carbon dioxide through a solution of the 
oxide of the metal. 

ExPT. 103. — Pass carbon dioxide gaa through 50 c.c. of 
sodium hydrate solution until a drop of the liquid, taken 
out on the end of a glass rod, no longer turns red litmus 
paper blue. Evaporate "(66) the solution to about one 
quarter its volume, and place it on one side to crystallise. 
Transparent crystals of sodium carbonate will form. They 
have a composition denoted by the formula Na^COj-lOHjO. 
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84. Test for Carbonate. — When hydrochloric acid, or 
almost any other acid, is added to a carbonate, carbon 
dioiide gas is given off with effervescence. This gas 
may be rec4^;niBed by its property of turning lime-water 
milky. 

ExFT. 104.-^Place a little solid sodium carbonate in a 
test-tube and add dilute hydrochloric acid. The heavy 
carbon dioxide gas will remain in the tube. Gradually slope 
the tube so aa to pour out the gas into another test-tube 
containing a little lime-water, witbout allowing any of the 
liquid to flow out. On closing this tube with the thumb 
and shaking, the lime-water will become milky. 

85. Lobs of Weight by a Carbcmate when it is heated — 
Many carbonates give ofi' carbon dioxide gas when they are 
heated, and leave a residue of oiide of the metal. Calcium 
carbonate gives off the whole of ita carbon dioxide when it is 
heated to bright redness for about fifteen minutes. 

ExFT. 105, — Place a little pure precipitated calcium 
carbonate in a piece of combustion-tube six inches long and 
closed at ono end. Fit a cork with a bent delivery-tube into 
the open end, and allow the end of the delivery-tube to dip 
into a little lime-water contained in a testrtube. Now heat 
the calcium carbonate to redness. Bubbles will pass through 
the lime-water, and after a short time the liquid will become 
milky, showing that carbon dioxide has been evolved. 

If the beating is continued for some time the whole of the 
carbon dioxide will be expelled from the carbonate. This 
may be proved by heating some more of the carbonate on 
platinum-foil to redness for some time, then moistening the 
mass with water, and adding a few drops of dilute acid. No 
effervescence will take place, showing that the whole of the 
carbon dioiide has been driven off. 

In the above experiment the calcium carbonate has been 
decomposed. Carbon dioxide has been expelled, and quick- 
lime or calcium oxide has been left 
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ExPT. 106. — Make a square bos of platinum-foil about 1-5 
inches in the aide and 0*35 inch deep. This may be effected 
by folding a piece of the foil two inches square over the end 
of a piece of wood 1-5 iach square,* 

Weigh the box on the balance, and weigh into it one 
gram of pure dried precipitated calcium carbonate. 

Place the box on a pipeclay triangle supported on a retort- 
stand over the large blowpipe, aud heat it for about ten 
minutes. Then allow the box to cool, and weigh it. Now 
heat it for five minutes more and weigh it again, and continue 
the alternate heating and weighing until two successive 
weighings give identical results. 

The residue on the foil is calcium oxide, and the loss of 
weight observed is the weight of the carbon dioxide which 
was present in the one gram of calcium carbonate. Cal- 
culate from this result the weight of COj in 100 grams of 
the carbonate. 

86. Ueasurement of the Volume of Carbon dioxide 
evolved by an Acid from Caldmn carbonate. 

ExPT. 107. — The apparatus described in Expt. 65 (p. 60) 
is employed, but since CO^ is somewhat soluble in water, it b 
necessary to saturate the water in the aspirator with the gas, 
before making the estimation. This may be effected by pre- 
paring COj in the way already described in Expt. 94 (p. 80), 
and passing the gas through the water for about twenty 
minutes. 

Weigh out into a four-ounce flask one gram of iceland-spar 
or of marble. Fit up the aspirator in the same way as in 
Expt. 65 {p^e 60), and pour the water which has been 
saturated with COj into the bottle. 

Remove the cork from the flask, pour in about 14 c.c. of 
water, and fill the small tube with strong hydrochloric acid. 

* A porcelain crucible may be used instead of a plntiuum box, but it 
[eqairea to be heated longer than the pktiDDm does. If a porcelain 
cnioible is used, it should be beated for about half an hour in a muffle 
fomace. 
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Now replace tbe cork and open the damp on the rubber 
tuba Allow the acid to act upon the carbonate, measure 
the volume of water displaced by the gaa, and coirect 
the volume of the gas, thus obtained, for temperature, as is 
explained in the Note on page 50. 

Now determine in a precisely similar way the volume of 
gas which is evolved when nitric acid is used instead of 
hydrochloric acid. The volume of gas evolved by nitric 
acid from one gram of calcium carbonate should be 
exactly equal to that evolved by hydrochloric acid, 
showing that the same amounts of CO^ are evolved by 
different acids. 



87. Estlmatioit of the Percentage Weight of Gftrbon dioxide in 
Caloinm uarbonate. — When bydrochloric acid acts npon calcium car- 
boDat«, carbon dioxide is set free and is evolved u gas. The decom. 
position ma; be carried out in such a way tbat no loss of material 
takes place except that dne to tho evolution of tbe carbon dioxide. 
Under these circumstances the peiceoUge weight of carbon dioxide 
in a knonn weight of the calcium carbonate will be equal to the 
loss of weight which a mixture of the carbonate 
Fig. G1. with excess of add suffers by complete deconi- 

ExPT. 108.— Close a six-ounce flask with a 
doubly perforated, sound cork. Through one of 
the perforatioUB pass a calcium chloride drying 
tube (fig. 36 a, page 68). Through the other 
pass a narrow tube, the lower end of which is 
contracted and the upper end closed with rubber 
tube, stepped with a piece of glass rod. Ascertain 
that the apparatus is air-tight Weigh out 075 
gram of pure iceland-spar ; introduce it into the 
flask and pour in water until tbe substance is 
just covered. 

Now nearly fill a small test-tube, three inches 

in length by half an inch in diameter, with strong 

EsTiUATiOH OF hydrochloric acid, and place it in tbe flask, 

COj IN Cal- Then weigh the whole apparatus. 

ciuu CABBOH- Next gently tilt the flask so as to allow the 

ATB. acid to flow little by little out of tbe test-tube, 

and to come into contact with the carbonate, 

producing a slow and r^nlar effervescence. 
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As soon as tlie solid hu dUuilved md the eSerresceiiM hM ceued, 
push down the glaaa tabe so that the point jnst loaahet the snrfiM of 
the liquid in the flask. Then open the rubber tube by Temoving the 
glass stopper, and narm the contents of the flask by plaoing the 
apparatus on the water-bath or by heating it gtrUly by means of a 
small flame. At the same time draw a ilour currant of air through the 
flask for several minutea by applying, gentle snctioii at the free end 
of the drying-tube. The calcium chloride in thii tube Mrree to dry 
the carbon dioxide as it leaves the apparatus, and thai prevent 
moisture from escaping with the gas. 

Ttaeu replace the glass ping, allon the flask to cool, and weigh 
the apparatus again. 

The diflerence between the weights of the apparatus before and after 
the experiment gives the weight of the carbon dioxide which has been 
evolved during the reaction. 

From this weight, and from that of the caliyspar used, the percentage 

, of carbon dioxide in the calcspar can be calculated. This should 

correspond to the proportion which has been fonnd by igniting the 

carbonate ; since the action both of an acid and of a high temperature 

removes the whole of the carbon dioxide from (he carbonate. 



CoilBCSTION. 



88- It has been already Bhown (37) that chemical action 
takes place when certaia subetauces are heated la the air. 
This action is due to the combination of the substance as a 
whole, or of some of ita conatituents, with the oxygen of 
the air. The process is known under the general name 
of oxidation ; but if it is attended with the production of 
heat and light, it is usually called combustion. 

The elementB carbon and hydrogen are conatituents of 
ordinary combmtible materials, such as coal, wax, oil, and 
the various kinds of illuminating gas and vapour. Goal-gas 
is a convenient Bubstanoe for use in studying some of the 
phenomena of combustion. 
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C04L-aAB AND ITS CON8TITDBNT8, 

89. Coal-gas is prepared by heating coal out of contact 
with air. It is made on a large scale by heating coal in 
clay or iron veBselB called retorte. Under these conditions 
other bodies besides iUuminating gas are formed, Buch as 
ammonia, carbon dioxide, and tar: these are oacefuUy 
removed from the gas before it is used. 

A small quantity of coal^as may be prepared the following 
way. 

ExPT- 109. — Break up some coal into small fragments and 
introduce it into an ordinary day tobacco pipe, until the 
bowl is almost filled. 

Finely powder some Stourbridge clay and make it into 
a stiff paste with water. Press this clay into the 
upper part of the bowl of the pipe until it is closed, 
and then heat the bowl in the steam-oven until the 
clay is dry and hard. 

Sow support the pipe securely on the ring of a retort- 
stand, and heat the bowl in the Bunsen-flame. 

In a short time gas, accompanied by tar vapour, will be 
seen to issue from the stem of the pipe ; this gas may be 
kindled, and will bum with a luminous flame. 

90' Oonstitnents of Coal-gas. — The principal constituents 
of coal-gafi may be classified in two groups. 

One group includes those gases which during their com- 
bustion are mainly producers of heat : these are hydrogen, 
carbon monoxide, and methane. The other group includes 
those which produce both heat and light when they are 
being burnt, such as ethylene gas and acetylene. 

Hydrogen and carbon monoxide have been already de- 
scribed. Experiments with methane, ethylene, and acetylene 
are described below. 
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HvTHAHE OAs, OB Uabsh oab. 

91. Frepftratlon of MethuM ttiaa Sodiom Mwtete.— Thu gu nuy 
be praparod by betting in intuumte miztnre of dried sodinm aceUto 
with Hoda-lime ; 

NaCH,Oa + NaOH = CH^ + Na,COj. 

ExpT. 110. — Hest some cryst4lliBed aodiiiin acetate in a shallow 
iron saod-bath otbt the Bunseii- flame, Dndl steam is no longer 
glTen off. The fused salt will set into a white mass as it cools. Mix 
one part of this dr; salt with four parts of dry soda-lime, then reduce 
the mixture to fine powder, aai heat the powder to redness iu an ap- 
paratus such as that shown in Gg, 31 (p. 46). In this apparatus it ia 
necessary to substitute a hard-glass tube for the test-tube, since an 
ordinary test-tube would be eoftened by the heat which mnst be applied 
for the above decompoajtion. Ae soon as the air has been expelled 
from the apparatus, fill two cylinders with methane orer water in 
the usual way, and fill anothet dry cylinder by direct displacement of 
the air by the light gas. 

9a, pTop«rties of Uethane.— Bum the methane in one of the wet 
jars. The flame will be found to be only slightly luminons. Bam 
the gas in the jar which was filled by upward displacement ; the sides 
of the jar will become dimmed with moisture, proving that one of the 
products of tite combnstioD is water. Pour s little lime-water into the 
jar : the lime-water will become milky, showing that caibon dioxide ia 
also formed by the combustioii. 



Ethbue, ok Ethtlbhe gas. 

93. Prepaistiou of Etfaene ftom AkohoL — Ethene may be pre* 
pared by beating alcohol with strong sulphuric acid : 

C,HbO+HjS04=C3jH,+H^O,.HiO. 

EzPT. 111.— The apparatna ahown'in fig. 47 (p. 78) may be used. 
The flask ahonld, however, be round and not conical in shape, and 
must not be less than 14 ounces in capacity, since the preparation- 
mixture froths considerably. 

A mixture of one Tolume of alcohol, of 0'83 specific gravit;, with 
five volumes of strong sulphuric acid, is made by shahing the liquids 
together in the generating-flash. This mixture must not be more than 
half an inch in depth in the flask. A solution of sodium hydrate is 
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placed in the two-necked wsshing-bottle, and serrea tc absorb the 
snlphnr dioxide which escapes during the preparatioii. 

The mixture in the goDsrating-flask is heated carefullj nith constant 
watching, since it is apt to froth. 

Ethene gas, when mixed, with air, burns explosively, and care must 
therefore be taken to expel the air from the preparation Teasels com- 
plet«lj before any quantity of the gas is collected and burnt. Two 
cylinders should be filled with the gas by collecting it over water, and 
another dry jar should be tilled by direct displacement of the air, 

94. PropeiHea of Sthene. — Ethene may be recognised bj the 
character and products of ita flame, and by its power of combining 
with bromine and destroying its colour. 

EZPT. 112.— Bam ethene in one of the wet jars and note ita wry 
Inminous flame. Bum also the gas contained in the dry jar and note 
that the sides of the jar become dimmed with moisture. Close the jar 
in which the gas has been burnt with a gloss plate as soon as the com- 
bustion is ended, and shake up the products 0/ combustion with lime- 
water. The lime-water will become milky, proving that carboD 
dioxide is also a product of the combustion of ethene. 



95. Preparation of Acetylene I^m Caloltun oarhide.—When 

calcium carbide is dropped into water, acetylene gas is rapidly 
given off: 

CaCj+ H,0 = C,H,+ CaO. 

ExpT. 113. — Fill a small cylinder or a boiling tube with water ; 
close the month and invert it, month downwards, in a Teasel of water, 
so as to retain the water in the cylinder. Drop into the vessel a piece 
of calcium carbide about the size of a hazel-unt, and collect the gas 
which is generated by shifting the tube until its mouth is over the 
piece of calcium carbide. 

When the tube is full of gas romove it from the water and ignite the 
gas. It will burn with a very luminous smoky flame. 



96. In order that a burniDg substance maj produce flame, 
t is uecessary that it shall be in the condition of vapour or 
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gas. The area of chemical action and of heat in a 
flame is the surface of contact of the gaa or vapour 
with the air. Hence under ordinary conditions all flames 
are hollow. This may be readily shown to be true of a 
candle flame. 

ExPT. 114.— A Candlft flame is Indlow.— Light a candle, 
and when the flame is fully developed press upon it for 
a second a piece of white paper, causing the paper just to 
touch the top of the wick. When the paper is withdrawn a 
more or less perfectly-formed charred ring with a white 
centre will be seen upon the upper surface of the paper. 
This shows that no combustion or production of heat takes 
place in the middle of the flame, but that where the paper 
cuts through the conical exterior much heat is being 
produced. 

ExPT. 115. — Strncture of r Candle flame.— Carefully 
examine the candle flame. Three zones will be noticed. 

(1) An inner dark zone, which contiuns the inflarmnable 
vapour emitted by the wick. Hold a short piece of glass 
tube, which has just been heated in the 
Bimsen-flame, in an inclined position, with 
its lower end in the dark portion of the 
caudle flame. White vapour will be 
seen escaping from the tube. This vapour 
may be kindled by the flame of a taper, 
showing that this portion of the flame 
consists of inflammable vapour. 

(2) A l-uminous mantle. — Hold the end 
of a glass rod in the bright part of the 
flame ; it will be instantly coated with 
soot. The light which is emitted by this 
part of the flame is due to the presence 
in it of white-hot carbon particles which 
have been formed from the inner inflammable vapour, and 
in this portion ot the flame combustion is therefore far 
from being complete. 
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(3) A veiy pale outer maatle may be seen if the edge of 
the flame is carefully exatuined, while the bright part is 
shielded from the eye. This mantle becomes coloured 
yellow if a little diy sodium carbonate ia scattered above 
the flame, and it ia then easily seen. 

In this portion of the flame final and complete combustion 
of the constituents of the candle is taking place, and no soot 
is therefore deposited upon a cold rod held in the edge of 
the flame. Water and carbon dioxide may be shown to be 
products of the combustion by inverting a clean dry glass 
cylinder over the flame. The cylinder will become dimmed 
inside with moisture ; and if the cylinder is closed with a 
glass plate as soon as the candle flame becomes extinguished, 
a little lime-water poured in and shaken roimd will become 
milky. 

97. The Bunfien-flame and other Similar flameg are 
produced by burning gaa which has been mixed with air 
before it is burnt. The luminosity of the flame is thus 
almost abolished, and accordingly the flame deposits no soot 
upon a cold surface. 

The following experiments will illustrate the principles 
upon which flames of this kind are produced. 

ExpT. 116. — Draw out a piece of glass tube to a jet at 
ooe end. Support the tube vertically in a clamp, and 
attach the lower end to the gas supply by means of a rubber 
tube, as is shown in fig. 53. 

Now turn on the gas and kindle it at the jet. It will 
bum with a luminous flame. 

Extinguish the flame and pass down over the jet a piece 
of glass tube about six inches long and of somewhat larger 
bore than the jet-tube. Arrange the jet-tube so that the 
gas will pass up the centre of the larger tube. Now turn 
ou the gas again and kindle it at the top of the broader 
tube. If this tube has been properly arranged and the supply 
of gas suitably adjusted the gas will bum with a feebly 
luminous flame, which will deposit no soot upon a cold body. 
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If a smoking piece of paper is brought near to the jet, it 
will be seen that air is drawn in at the bottom of the 




PRODHOTION OP A BUNSBH-ELAHE. 



broader tube by the up-ruah of gas from the jet. This mixes 
with the gas in the tube, and accordingly a mixture of 
gas and air is burnt at the top of the tube. 

Compare the construction of the Bunaen-bumer with the 
above apparatus. 

ExPT. 117. — Eitii^uish the flame and replace the upper 
tube by a piece of fine wire gauze held horizontally about 
two inches above the jet Now kindle the gas above the 
gauze. The flame will be non-luminous and similar to that 
already produced by means of the broader tube. In this 
case the misture of air with the gas takes place between 
the jet and the gauze. The flame above the gauze does not 
descend to the jet, because the large cooling sur&ice of the 
gauze cools the flame in contaet with it below the tempera- 
ture of ignition of the gaseous mixture. 

98. The Davy lamp.— The above experiment iUnstrates the prin- 
ciple of the Dav; lamp. The gauze which Borronnds the oil flame of 
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the lamp preTsnts the ignition of an injlunmable mixture ontaide the 
gaoze, dthoagh the mixtars haa li«en kindled inside the gftuze b; 
contact with the oil flame, 

EstT. 118. — Place a small candle on a block of wood, kindle the 
wick, and surround the dame with a sheet of fine wire gauze which 
has been bent into a cylinder. Cover the top of the cylinder with a 
small piece of gaoze so as to surround the candle complete!;. Now let 
the gas from a Bunsen-bunier play against the ganro. The gas will 
be kindled inside the ganzs cylinder, but it will not take fire outside 
unless Bome openings have been left unguarded by the gauze in con- 
structing the ganze envelope. 
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THE HALOGENS. 

CHLORINE, HYDROCHLORIC ACID. 

CHLORIDES. ACIDS AND SALTS. 



Tbb Haloobnb. 



99. The group ot elements known as the halogens, or 
ealt^producers, contains four elements, fluorine, chlorine, 

bromine, and iodine. These posBesa many properties in 
common. Fluorine is very difficult to prepare. A small 
quantity of the other elements may be made from their 
compounds, in order to study their properdes. 

ExpT. 119. — Chlorine is readily made in the following 
manner. Powder a little solid sodium chloride, and mix it 
intimately with four times as much powdered manganese 
dioxide. Place the mixture in a boiliug-tube, add a little 
strong sulphuric acid, and warm the mixture gently. Chlo- 
rine gas will be slowly given off, and will fill the upper part 
of the tube. 
2NaCl + MnOj + SHaSO, = Clj + MnSO^ + 2NaHS0^ + 2H2O. 

Notice the pale yellowish-green colour of the gas, and its 
suffocating smell. Hold a piece of moistened red litmus 
paper in the gas and notice that it is bleached immediately. 

ExPT. 120, — Bromine may be made in similar manner by 
substituting sodium bromide for sodium chloride. When 
the mixture is warmed, a reddish-brown vapour with a very 
unpleasant and suffocating smell will fiU the upper part of 
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the tube. It will be found to posBees a slight bleachii^ 
power upon moietened red litmug. 

If a glass rod, which has been previously dipped into 
moistened starch, is held in this vapour, the starch will be 
stained orange-red in colour. 

This bromioe vapour may be condensed by suitable means 
into a heavy reddish-brown liquid. 

ExPT. 121, — Iodine may be made by heating a mixture of 
potassiuD} iodide and manganese oxide with strong sulphuric 
acid. A purple vapour will be formed in the lower part of 
the tube, and will condense to a blue-black solid in the 
upper part. 

£xFT. 122. — The colour of the vapour may be seen more 
distinctly by heatii^ a fragment of iodine in a test-tube. A 
beautiful violet vapour will be evolved, which will produce 
sparkling bluish-black crystals in the cold part of the tube. 
The colour of red litmus paper will be destroyed by iodine 
vapour, but the paper will be stained yellow by the iodine. 

ExPT. 123. — Starch assumes a deep blue colour when it is 
brought into contact with iodine. This change of colour is 
easily produced in the following way. Warm a email 
crystal of iodine in a little wat«r. Add this liquid to some 
cold dilute starch solution, which has been freshly made by 
boiling a little starch in water. The starch solution will at 
once assume a deep blue colour. 

From the above eiperiments it will be seen that each of 
the properties of the halogens is gradationally developed in 
the halogens. This will become evident by tabulating 
(1) the bleaching effect, (2) the colour of the vapour, and 
(3) the colour effect on starch of the three halogens, as these 
properties have been illustrated above. 



Chlobine. 
lOa Cblorine is the most abundant of the halc^en 
elements. It may be prepared for experimental purpoaea 
by heating manganese dioxide with hydrochloric acid. 
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The gas ma; be made in the apparatus shown in fig. 64. 
The washing-bottle may either be dispensed with, or it may 
be partly filled with water in order to free the chlorine from 
hydrochloric acid gas. 

ExPT. 124. — Place some smalt pieces of manganese dioiide 
in the flast. Pour in a mixture of strong hydrochloric acid 
with about one-third its measure of water: and heat the 



Prepaeation op CHLORrsE, 

misttire gently in a draught-closet. A greenish-yellow gas 
will be evolved, which may be collected by downward dis- 
placement since it is much heavier than air : 

MnOa + 4HC1 = CI3 + MnClj, + 2HjO. 
This gas has a very destructive action on the lungs, and 
must on no account be inhaled in any quantity, 

lOl. Edcognitioii of Chlorine. — Chlorine is usually recog- 
nised by its yellow iah-green colour, by its peculiar smell, and 
by its power of bleaching moist vegetable colours. 

ExpT. 125. — The bleaching power may be shown by in- 
troducing a piece of moistened litmus paper, or of Turkey ' 
O 
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red fabric into a jar of the gaiL The colour will be 
destroyed. 

When a burning wax taper is plunged into a jar of 
chlorine, it continues to burn with a very smoky flame. 
If hot turpentine, soaked up by a strip of fi1t«r-paper, 
is introduced into chlorine, it catches fire spontaneouBly, 
and gives rise to dense gmoke. A piece of dutch-foil or 
copper-leaf also bums when it is dropped into chlorine. 

Water will be found to dissolve chlorine gas, and to 
acquire its peculiar colour and properties. The solution 
may be prepared by causing the gas to bubble through the 
water. 



Hydrochloric Acid, ok Htdroobn Chloride, HCl. 

102. Hydrochloric acid is a very important compound of 
chlorine. It maybe prepared by the action of sulphuric 
acid upon common salt (NaCl). 

ExFi 126. — Place several lumps of rock salt (sodium 
chloride) in the fiask which was used for the preparation 
of chlorine (fig. 54). Then dilute some strong sulphuric 
acid with an equal volume of water, and pour it into the 
flask. Hydrochloric acid gas will be evolved as soon as a 
gentle heat is apphed: NaCl + HjS04= HCl + NaHSO^. 
The gas is heavier than air. It should be collected by 
downward displacement, since it dissolves easily in water, 
producing liquid hydrochloric acid. Fill three jars with the 
gas, and cover each with a glass plate. 

103. Freparation and Properties of Hydrochloric add 
gas. 

ExpT. 127. — Uncover a jar of this gas, and notice that 
fumes are given off which turn blue litmus paper red, and 
are therefore acid in reaction. 

Introduce a burning wax taper into a jar of the gas, and 
notice that the flame is immediately extinguished. 
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Rinse out a dry cylinder with strong ammonia solution, 
and place it mouth to mouth' with a jar of hydrogen chloride 
gas (fig. 56, p. 106). Note that opaque white fumes of 
ammonium chloride are formed in the vessels. 

Invert a jar of hydrogen chloride gas, and place its open 
mouth in water. The water will rise into the jar as the gas 
dissolves in the liquid. Probably a apace will remain in the 
jar unfilled with water : this is due to the presence of air, 
which has not been displaced by hydrogen chloride, 

104. Tolnme of Hydrogen pteBOUt Is Hydrogen chloride.—. 

Hydrochloric acid gas may be shown to be compoeed of equal volumsa 
or hydrogen and chlorine, by electrol jaing its aolutioii in water. 

The following eiperimeot may b« more easily mads in ordor to show 
that this gsB contains half its Tolome of liydrogeii. It depends upon 
the fact that when sodipm is exposed to hydrogen cbioride it com- 
bines with the chlorine and sets fre« the hydrogen. Solution of sodiam 
in mercQry (sodinm amalgam) is most conveniently employed for this 
purpose. 

ExpT. 128. — Clean and dry the tube which was used in Experiment 
64 (page 51), aud fill it by downward displacement with pure dry 
hydrocjiloric acid gas ; then dose the tube with a mbber cork. Now 
prepare a little sodium amalgam by placing aliout 6 c.c of mercury in 
a mortar and adding small piecaa of sodium one by one. Each piece 
of sodium should be firmly pressed against the mortar beneath the 
ipercnry with the pestle until it combines with that metal with pro- 
dactian of heat. Sufficient sodium must be introduced to make the 
amalgam slightly pasty. 

Now meaanre the volume of the amalgam ; than pour it quickly 
into the tube containing the hydrogen chloride, and at odcs replace 
the cork. Shake np the amalgam with the gas for about five minutes, 
then open the tube nnder water in a cylinder, bring the water inside 
and outside the tube to the same level, and mark by means of a 
robber ring on the tube the level at which the water stands. If the 
volume which was occupied by the amalgam is allowed for, it will be 
found that half the original volume of gas is left. Close the mouth 
of the tnbe with the thumb and open the tube close to a flame ; the 
gaa will be found to bum (54), and the Qame will be probably coloured 
yellow by the sodium vapour contained in the hydrogen. 

This experiment shows that hydrochloric acid gaa contains half its 
volume of hydrogen' gaa. 
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105- Fonnation of CblorideB from Hydrogan chloride.~ 
Many metaU, when they are placed in cootact with hydro- 
chloric acid (HCl), have the power of replacing the hydrogen 
of the acid. The products in such cases are hydrogen gas 
and a compound of the metal with chlorine. When this 
change occurs the acid character of the hydrogen chloride 
wholly or partitJly disappears. The metallic compound which 
is formed is called a chloride. Thus in the preceding experi- 
ment hydrogen and sodium chloride were produced by the 
action of sodium on the acid. 

ExFT. 129. — Place about 15 c.c, of dilute hydrochloric 
acid in a boiling- tube and drop in a few pieces of magnesium 
ribbon. The magne»um will dissolve with effervescence, 
and the hydrogen may be kindled as it passes away from 
the tube. As soon as no more nw^inesium can be dissolved, 
evaporate the liquid considerably, and allow it to crystallise. 
Colourless crystals of magnesium chloride (MgCl2.6H20) will 
be deposited. 

It is not necessary to introduce the metal in the free 
condition into the acid in order to produce a chloride. A 
suitable compound of the metal may be added, such as the 
oxide, the hydroxide, or the carbonate. 

ExPT. 130. — Add powdered barium carbonate gradually 
to a small quantity of hydrochloric in a small porcelain- 
dish. Continue the addition until the last, portion of the 
carbonate causes no effervescence and does not dissolve :t— 
BaCOj + 2HC1 - BaClj + HjO + COj. 

Evaporate this solution until it is reduced to about one- 
half its volume, and allow it to cool. Crystals of barium 
chloride (BaaySHjO) will form in the liquid. 

lod Preparation of Chlorides by Double Secompositioo, 
or Metathesis. — A chloride which is insoluble, or only 
slightly soluble, in water may be conveniently prepared by 
the method of double decomposition. It consists in adding' 
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solution of a chloride to the solutioD of a salt of the metal 
whose chloride is to be prepared. The chloride will be pre- 
cipitated from the mixed solutionB. 

Tiiufi if sodium chloride solution is added to solution of 
lead nitrate a white precipitate of lead chloride is produced 
and sodium nitrate remaina in solution (2NaCl + PbNjOg = 
PbCl2 + 2NaN03). 

ExPT. 131. — Add sodium chloride solution, or dilute 
hydrochloric acid, to some lead nitrate solution contained 
in a test-tube. A white precipitate will form. Add more 
water and heat to boiling ; the white precipitate will dissolve 
if sufficient water is added, since it is soluide in boiling 
water. Now allow the solution to cool. Characteristic 
slender crystals of pure lead chloride will form. These 
may be collected by filtering or decanting the liquid. 

107. TefltB for Hydrochloric add and Chlorides.— When 

hydrochloric acid is heated with manganese dioxide, chlorine 
gas is e"volved, and may he recognised by its power of rapidly 
bleaching moistened litmus paper. When a chloride is 
finely powdered and iotimately mixed with powdered man- 
ganese dioxide, and is then heated with sulphuric acid, 
chlorine is also evolved. 

The solution of a soluble chloride gives a white precipitate 
when it is mixed with silver nitrate solution ; the precipitate 
darkens in colour on exposure to bright daylight, and is 
insoluble In nitric acid. 



Acroa AND Salts. 



loS. Katnre of Adds and of Salte.— The above examples 
give some insight into the general characteristics of acids 
and of salts. 

Adds invariably contain hydrogen, as hydrochloric acid 
has been proved to do. They are also usually sour in taste, 
and capable of turning blue litmus red. 

'gl': 
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The hydrogen contained in an acid may be wholly or 
partially replaced by a metal, with production of a salt. 
This was seen in the case of the formation of magnesium 
chloride by the action of nu^nesium on hydrochloric acid. 

Salts may commonly be formed, as in the special cases 
already mentioned, by the action of a metal, its oxide, its 
hydroxide, or its carbonate upon an acid. 

Other methods of forming salts have been described, such 
as the pracesa of double decomposition (I06), the direct 
combination of elements (33), and the replacement of one 
metal Anm its salt by another metal (32, Expt. 32). 

Further information on these matters will be found in 
paragraph 144. 
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AMMONIA. 

NITROUS OXIDE, NITRIC OXIDE. 

NITRIC ACID, NITRATES. 



AuuoNiA, NHg. 

109. Ammoma produced from Oiganic Hatter.— Am- 
monia is given off when oi^;anic matter containing nitrogen 
decays or is heated strongly. At one time the supply of 
ammonia was entirety derived from animal refuse by heating 
it out of contact with air. It is now almost entirely pre- 
pared from the ammoniacal liquor obtained as a by-product 
in the manufacture of coal-gas. 

ExPT. 132. — Heat a little dried albumen or gelatin in a 
teflt-tube. The peculiar pungent ameli of ammonia will be 
perceived, althoi^h it is more or less masked by a less 
agreeable odour. Hold a strip of moistened red litmus 
paper in the upper part of the test-tube ; the litmiis will 
become blue owing to the alkaline action of the ammonia. 

ExpT. 133. — Ammonia may be obtained from gelatin more 
readily and in a purer condition if the gelatin has been 
previously intimately mixed with powdered soda-lime. 
Introduce this, mixture into a test-tube, and cover it with 
a layer of the powdered soda-lime. Heat the soda-lime to 
redness, and then strongly heat the mixture. Ammoma 
will be given off unaccompanied with the other substances 
which produce a disagreeable smell, 

lia Ammonia produced from Ammonium chloride or 
Sulphate. — Ammonium chloride is made on a laige scale by 
neutralising the ammoniacal liquor of the gasworks by hydro- 
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chloric acid ; and ammonium Bulpbate is made in a similar 
way by substituting sulphuric acid for hydrochloric acid. 

If either the chloride or the sulphate of ammonium is mixed 
with lime and gently heated, ammonia gas is evolved. 

EiPT. 134. — Powder a little ammonium chloride (sal 
ammoniac) in a mori^r, and mix it with about an equal 
quantity of slaked lime in fine powder : the ammonia gas 
escaping from the mixture will be readily smelt; the gas 
may be expelled more rapidly and completely by gently 
heating the mixture : 

aNH^Cl + CaHjOj - 2NHj + CaClj + 2HgO. 

III. Ammonia prepared team strong Ammonia solu- 
tion. — Ammonia gas may be conveniently obtained by 
expelhng it from its solution in water by means of heat, 

ExPT. 135, — Pour a little strong ammonia solution (0*88 
sp. gr.) into a small flask, and close the flask with a cork 
into which a straight piece of glass tube eight or nine inches 
long has been fitted (6g. 55). When the flask is gently 
heated, the liquid will at once appear to boil, owing- to the 
evolution of bubbles of ammonia gas. 

Since this gas is much lighter than air and is very soluble 
in water, it should be collected by direct displacement of the 
air from a perfectly dry jar, as has been already described 
for hydrogen (Espt. 61, p. 67). The jar is known to be 
filled with ammonia when a strip of moistened turmeric 
paper held in its moutli immediately becomes brown. 

Ammonia gas does not bum in cold air, but it burns 
readily in strongly heated oxygen gas or in air. 

ExPT. 136. — Show this by holding a Bunscn-flame under the 
end of the dehvery-tube from which the ammonia is escaping. 
A pale yellowish-green flame of burning ammonia will be seen. 

If the ammonia is kindled as the end of the tube is passed 
into a jar of oxygen, the ammonia will also continue to bum 
in that gas. 

Ammonia is eitremely soluble in water, and must there- 
fore be collected either by displacement or over mercury. 
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Expi. 137, — Fill a jar with ammonia and place it mouth 
downwards in a vessel of water. The liquid will rapidly 
absorb the gas and will rise in the jar until it fills the space 



PUKPARATIOK 



formerly occupied by the ammonia, A small apace, however, 
will frequently remain filled with the air which was present 



ExPT. 138, — Pour a little water rapidly from a small beaker 
into a jar of ammonia gas, and at once cover the jar with a 
glass plate or with the hand. Then shake the water in the 
jar, and pour it out. The liquid will be found to possess the 
pungent smell and the action upon litmus and turmeric 
papers which characterise ammonia gas. 

This liquid is in fact weak solution of ammonia. The 
solution is prepared commercially in large quantities by 
passing ammonia gas for some time into cold water. It gives 
off a portion of its gas slowly at ordinary temperatures, 
and evolves the gas rapidly when it is heated, as has been 
already proved (Expt. 135). 

'Si^ 
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EzFT. 139. — Pour a little stroog hydrochloric acid into a 

gloBs jar, and close the mouth of the jar with a glass plate. 

Shake the acid about, and allow the Uquid to run out by 

Yia. 5e. slipping aside the glass plate for a 




Now place this jar in aa inverted 
position over another jar containing 
ammonia gas (fig, 56 o), and with- 
draw the glass plates, so that the 
mouths of the jars are in contact (b). 
The hydrochloric acid gas and the 
ammonia gas in the two jars will 
now freely intermingle. Dense 
opaque white fumes of solid ammo- 
nium chloride will immediately be 
formed: NHj-HHCl-NH,a. 

These fumes may also be obtained 
by dipping a glass rod into strong 
hydrochloric acid, and holding it 
either in the ammonia gas as it 
issues from the delivery-tube of the 
apparatus (fig. 5B), or in a jar 
which has been previously filled with the gas. 

112. Tests for Ammonia gas. — Ammonia gas may be 
readily recognised by its pungent smell ; by turning moists 
ened red litmus paper blue and moistened turmeric paper 
reddish-brown ; also by giving opaque white fumes when it 
is brought into contact with hydrochloric acid gas, or near a 
surface moistened with the strong hydrochloric acid solution. 



Oxides op Nitboqek. 

113. Five Oxides of nitri^ien are known. Only two of 
them will be described here : nitrogen monoxide or nitrous 
oxide, NgO, and nitric oxide, NO, 
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NiTBoaxH HONoziDB, OB NiTBocs oxinx oas, N,0. 

114. Freporatioii of ITittogea monoxide,— When solid anunoDiont 

nitrate is heated, it melts ; and when the liquid is further heated, it 
decotuposea into steam and nitrogen moaazide : 
HH,N0,-N,0 + 2H,0. 

ExPT. 140. — Cleanse the flask vhich waa used in the preparation of 
chlorine (fig. S4, p, 97). Cloee it with a singly peirorated cork, bearing 
a delivery-tube which haa been bent twice at right angles. Replace 
the Hraahing-bottle by a ftask wbioh is closed by a doubly perforated 
cork, bearing tubas which paaa just through the cork. Weight the 
flask by ponring shot into it, so that it may be sunk into a pan of cold 
water. This Sank servee to condense the steam which, escapee with the 
gas, and to coot the gee. Now heat the ammonium nitrate, and collect ' 
the nitrogen monoxide by displacement, since it is much heavier than 
air, and is somewhat soluble in water. 

EzPT. 141. — Insert a splinter of wood with a glowing end into ajar 
of the gas. The splinter will be kindled into flame, but a greenish 
halo will play around the flame, which is not seen when the flame is 
burning in oxygen. 

Show further that nitroiu oxide gives no red coloar when it is mixed 
with nitric oxide ss oxygen does. The nitrous oxide which ia used for 
this experiment should be collected over water, since air will probably 
be present in the gas after its collection by diaplacement. 

115. Testa for Nitroiu oxide.— The gw has a sweet taste ; it is 
detected by its property of kindling a spark on a wooden splinter into 
flame, and is distinguished from oxygen by the greenish halo around 
the flame ; it also liitfers by not colouring nitric oxide. 



NiTBIO OSIDB OAB, NO. 

116. Preparation of Nitric oxide ftt>m Nitric acid.— This gas 
may be prepared by the action of diluted nitric acid on copper : 
8Cu+SHNC:C=2NO+3Cu(N03),+4HiO. 

EzPT. 142..— Cleanse the apparatns which has been already used for 
the preparation of hydrogen {&g. 34, p. C6) ; place soma copper atip- 
pinge or turnings in it, and x>0Dr in water nntU the end of the funnel- 
tabe is covered. Then add strong commercial nitric acid gradually 
until a reddish-brown gas appears inside the bottle. Allow this gas to 
bubble off through water. After a short time the colour of the gas 
in the bottle will become much less intense, and if it ia collected over 
water, in the same way as hydrogen gas was collected, it will bwome 
colonrleBS. 
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BxFT. 143. — iDvert s jar filled with irster in water, and fill it 
with nitric oxide gas. Then either pass oxygen np into it, or remove 
the jar from the water and allow it to stand with its mouth open to 
the air. The entnuice of the oxygen, or of the air, into the uitrio 
oxide will at once produce a leddish-brown colour. 

The chief origin of the colouied gw which 'was «een in the pre- 
paration -bottle (Eipt. I4S) is now explained. The battle was at Grat 
filled with air, and as aoon as the first portions of the nitric oxide gas 
weie produced, they mingled with the free oijgeD of the air, and 
formed nitrogen peroxide. Some nitrogen peroxide is, however, also 
prodaced directly from the nitric acid. The coloured gsa is rapidly 
dissolved by water. 

117. Test for Nitric oxide.— Nitric oxide is coloarlesa ; but when 
nitric oxide is mixed with free o^gen, it is converted into reddish- 
brown nitrogen peroxide. 



Pbbparation of Nitbio acid (HNOg) bt Distillation. 

118. WbeD Potassium nitrate is mixed with etrong 
sulphuric acid and the mixture is heated, nitric acid is 
formed : KNOg + H^SO, - HNOj + KHSO^. 

The nitric acid may be separated from the solid potassium 
sulphate, which is produced at the same time, and from 
excess of sulphuric acid, by the procesa of distillation. 

ExFT. 144. — Arrange again the apparatus which was used 
for the distillation of water (fig. 39, p. 62). Introduce some 
solid nitre or potassium nitrate into the retort through 
the tubulure. Then place a funnel in the tubulure, pour 
in about double the measure of strong sulphuric acid, and 
proceed to distil over the nitric acid. A yellow liquid will 
trickle down the neck of the retort into the flask. This 
liquid is somewhat impure nitric acid. 

The liquid which remains in the retort after the distilla- 
tion should be poured out as soon as it is cold ; the retort 
may then be rinsed with water. 

1X9. Most metals are converted into their nitrates when 
they are acted on by nitric acid, but some metals are simply 
ooDverted into their oxides. 
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£zFT. 145.— Four a little of the strong nitric acid from 
the condeusiDg-flask (Expt. 144) upon some small pieces of 
copper in a testtube. A reddish-brown gas will escape in 
large quantity, and a blue solution containing copper nitrate 
will be produced. The salt may bo obtained in blue crystal 
by concentrating its solution sufficiently by evaporation. 

Expt. 146. — Pour another portion of the strong nitric 
acid upon a small piece of tin. A red gas will be evolved 
as before, and the tin will be converted into white tin 
dioxide, but will not be dissolved. 

120. Teat for Nitric add, — Strong nitric acid emits 
pimgent fumes, and evolves reddish-brown gas when it is 
brought into contact with copper. 



Thb Nitrates. 

121. Most solid nitrates, when they are heated, give off 
either oxygen alone, or a mixture of oxygen with a reddish- 
brown gas known as nitric peroxide. 

£xFT. 147. — Heat a little solid potassium nitrate in a hard 
glass testrtube ; the salt will melt, and will slowly give off 
bubbles of gas when it is more strongly heated. A glowing 
splinter of wood will be kindled into flame by this gas, 
proving that the gas "is oxygen. 

Expt. 148. — Heat a little solid lead nitrate in a test-tube ; 
reddish-brown gas will be evolved, consisting of a mixture 
of oxygen with nitric peroxide. The presence of the nitrogen 
peroxide is proved by the colour of the gas, and the presence 
of oxygen may be shown by introducing a glowing splinter 
of wood. 

122. Test for Nitrate.— If faJrly strong sulphuric acid is 
added to a, nitrate, and a. few copper turnings are dropped 
into the liquid, a reddish-brown gas is given off. The pro- 
duction of this gas is hastened by shaking the tube and 
l^ heating the mixture. 
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SULPHUR, HYDROGEN SULPHIDE, SUL- 
PHIDES. 

SULPHUR DIOXIDE, SULPHUROUS ACID, 
SULPHITES. 

SULPHUR TRIOXIDE, SULPHURIC ACID, 
SULPHATES. 



SCLPHUB. 

Sulplnir is found in nature in large quantities in volcanic 
regions ; it is also produced from various commercial by- 
products which contain it. 

123. Allotropic F(mns of Sulpfaur.— Sulphur occurs in 
several alloiropic modifications, of which the following may 
be mentioned : 

(a) Octahedral crystals. 

{h) Prismatic or needle-shaped crystals. 

(c) Plastic and elastic form. 

{d) White, or amorphous form. 
The following experiments may be performed to illustrate 
the preparation of these different varieties of sulphur. 
Experiments 149, 150, and 151 require care, and should be 
performed under supervision. 

ExPT. 149.— Shake up a little flour of sulphur for some 
minutes with a few c,c. of carbon disulphide; take care to 
keep the liquid away from a flame, since it is veiy volatile 
and the vapour is inflammable. Filter the liquid through a 
dry filter into a small dry beaker ; cover the beaker with 
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filter-paper and place it in a draught- cloaet or iu the open air, 
80 as to allow the carhon diaulphide to evaporate slowly. 

When all the liquid has disappeared, yellow octahedral 
crystals of sulphur will be tteen in the beaker. 

ExpT. 150. — Half fill a small porcelain-dish with lumps of 
stick sulphur, and carefully heat the dish with a small flame 
until the sulphur is entirely melted. Allow the liquid to 
cool until a thin crust of solid sulphur has formed upon the 
surface. Then make two holes in this crust with a stout 
wire or round file at opposite sides of the dish. Now grasp 
the dish with the crucible tongs, and pour out the still 
liquid sulphur through one of the holes. As soon as the dish 
is sufficiently cool to be handled, remove the crust. A mass 
of transparent, honey-coloured, slender, tough crystals of 
Bulphur will be seen beneath the crust and lining the dish. 

Put the dish aside for a time, and note that the appear- 
ance of the crystals alters. They will become opaque and 
bright yellow, and will at the same time become extremely 
brittle. 

EXPT. 151. — Heat a few pieces of sulphur in a test-tube 
very gently, constantly noting the colour, appearance, and 
consistency of the sulphur as its temperature is gradually 
raised. The colour will at first be pale and the liquid will be 
perfectly limpid ; but the colour will gradually darken to 
brown and the liquid will become leas limpid, until at last it 
is so thick that the tube may be inverted without causing 
the sulphur to flow out. When the sulphur is heated more 
strongly, however, it will become limpid once more and 
almost black in colour. As the sulphur cools, these changes 
will occur again, but in the reverse order. 

While the dark-coloured liquid is limpid at the highest 
temperature pour it out into cold water. The sulphur 
obtained in this way by quickly cooling the liquid will be 
found to be 'plastic,' soft, and clastic. But this character 
will be gradually lost if it is put on one side for a day or two. 

ExPT. 152. — Add dilute hydrochloric acid gradually to a 
'gl': 
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little jellow ammonium sulphide solution. Sulphur will be 
precipitated in the fonu of a fine white powder. This is 
known as ' milk of sulphur.' 

Note. — Any of the above sabatances ma; be ghowii to conaUt of 
snlphnr by kindling them, when they will burn with the characteristic 
bine flame of Balphar, and will prodace a pnogent-amelUng gu called 
gnlphnr dioxide. 



Htdbooeh 

134.— This gas la often called sulphuretted h<rdrogen. It is readily 
prepared in a manner aimiUr to carbon dioiida (Expt. 81, p. 80) by 
tbe action of dilated hydrochloric or salphnrio add npon ferroos 
anlphide, Fe8 + 2HCl = HjS^reClj. It shonld b« collected by down- 
ward dispIacemeDt, since it is aamewhat soluble in water. The gas is 
very poiaonons, and has a foul smell, and must therefore be prepared 
in the dranght-cloaet. tt bams eiploaively when it is mixed with air 
and kindled. Tbe atudent may collect the gaa from the general labora- 
tory-apparatus, if it is available. 

135. Properties of Hydrogen mlphide.— Moiatpu a piece of filter- 
paper with lead acetate soluCioo, and expose the paper to the gsa ; it 
will become dark brown. 

Bum the gas in a glass cylinder and note the deposition of yellow 
sulphur on the inside of the gloss. Close the cylinder at once with a 
glass plate, and shake some water which has been faintly coloured with 
potoBBium dtchromate solution round inside it. The colour of the 
liquid will change to green, showing that sniphur dioxide has been 
formed by the combustion. 



TuE Sulphides. 



136. When sulphur is heated with a metal, the two elements aauatly 
combine and form a sulphide. 

ExFT. 163. — Introduce a small piece of sulphur into a teat- tube, and 
place above it a piece of tinfoil rolled into a ball. Eent the sulphur 
until its vapour comea into contact with tbe tinfoil, and notioa fb? 
fbnnation of tin sulphide. 

127- A convement method of forming sulphides consists in treating 
a solution of a metallic salt with hydrogen sulphide gas. Hydrogen 
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sulphide is largely used in the proceu of cbemkal uuJtbu for the pur- 
pose of pracipitatiDg cortain metals from their Bolatioiu u inioluble 
Bolpbidas. Th« dorkeiuDg of the lead acetate aolntdon on paper, 
vhich has been already reforrod to <I3S), is due to the fonnatiom of 
dark bTovrn lead sulphide in this vay. 

ExpT. 154. — Faaa a stream of hydrogen salphide gas in bubbles 
throagh a solatiou of copper sulphate, of aDtimony chloride, and of 
arsenious oxide, and notice the appearance of the precipitate which is 
proiluced in each case, 



ScLPHus DiosiDB, OE SuLpavBoirs oxide oab, SOj. 

laS. Frepantifm of Snlphot dioxid« fnan Snlphniic uid. — This 
gas is readily made by boming snlphor in oxygen (Expt. 60, p. 47). 
It may aleo be prepared from strong sulphnrio avid by heatiog the add 
with copper. 

Expt. 1G5.— Cleanse the preparation 9ask (Qg. E4, p. 97), and plaoe 
some copper turnings in it. Then pour in strong commercial sulphuric 
acid, and beat the mixture. Sulphnrons oxide will be evolved when 
the acid has been heated nearly to boiling : 

Co + 2H,S0,- SO, + CuSOj + 2H,0. 

The gas may be cooled and dried by passing it through strong 
solphurio acid. It is then collected by displacement, dnce it is much 
heavier than air and is extremely soluble in water. 

139. FropertieB of Sulphur dioxido.— This gas possesses an 
extremely pungent smell, and is identified by the following properties, 
of which the first is the most characteristic. 

ExFT. 1G6, — Pour some dilate solution of potassium dichromate 
into a jar of the gas, and shake the liquid round in the jar ; also hang 
paper moistened with the dichromate solution in the jar ; the reddish 
coloar of the dichromate will be rapidly ehsDged to bluish-green. Prove 
also that the gas is freely soluble in water, and that its solutjun is 
acid since it turns blue litmus paper red. 



SuLPHUBOUs Acis (H^Og) AKD Sulphites. 
130. It has been proved (Expt I5fl) that sulphur dioxide gas is 
soluble in water. The solution may be inferred to be a solution of 
sulphnrons acid, linoe it has an acid reaction to test-paper, and is 
capable of decamposing carbonatea. The sulphnrons acid in this 
solution is gradually changed into sulphuric acid hy exposure to air. 
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EXPT. 167. — Add to some fretlHy-madt enlpharoos add Bolntion a 
littU dilate hjdrochloric acid and tiien a few drops ot barium ohioride 
Bolatiaii 1 either no precipitate will be produMd or onl; a slight 
tnrbidit; wilt appear. 

Now add to some old salphnrons add wlatioa tbe aaine 'two 
reagents ; a copiooa white pradpitate will form, ebowing that the 
snlphurous add has been changed by oxidation into snlpboric 
acid (135). 

The salts termed sulphites, which ate fonned by neutralising snl- 
phnroDB add with an oxide or a hydrate, are more stable than the add. 

ExPT. 168, — Place some sodium sulphite in a tast-tube ; pour upon 
it a littie dilute hydrochloric acid, and warm tbe mutore. Sulfdiar 
dioxide gas will be evolred, and ma; be detected by iti smell oud by 
its power of changing the colour of paper which hw been dipped into 
potsasium dichromate solntion from yellow to green. 
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131. SnlphoT trioxide is not readily prepared on a small scale. 
When Eiilphnr is burnt in air, only a vary small qoantity of the 
sulphnr is converted into sulphnr t^ioxide, the main product being 
snlphur dioxide. The latter gaa may be made to anit« with oxygen by 
the influence of certain substances at a bigh temperature. * Finely 
divided platinum may be used for this purpose ; it does not undergo 
any permanent change dnring its use. 

ExPT. 16S. — Prepare some platinised asbestos by dipping 'woolly' 
asbestos into platinum chloride aolution snd then heating it in the 
Bunsen-bnmer. Bepeat this operation several times nntil the asbestos 
assumes a decidedly grey colour from the separation of finely divided 
platinum upon its surface. 

Place a little of this platinised asbeatoi in a piece of combustion tube. 
Connect one end of the tnbe with an aspirator (fig. 38, p. 60} or with a 
filter-pomp, and the other with a washing-bottle containing snlpboroua 
aoid solution. Tbe wasb-bottle must be so arranged that when the 
aspirator is set going it will draw a stream of air through the acid. 

Now heat tbe asbestos to bright redness, and draw a stream of air 
through the appsratua. As the air peases through the Bulphuroas 
acid solution it will remove a little sulphur dioxide, so that a mixtoro 
of air with sulphur dioxide gas will pass over tha platinised asbestos. 
White fumes of sulphur trioijde will be seen. These fnmea produce 
snlphnric acid when tbey arc drawn through water as is proved by 
the water reddening blue litmna paper, and yielding a predpitate with, 
bariom ohioride (135). 
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SULPBUBIO AOH^ HgSO^. 

132. Preparation of Snlpbiiric add — Thia acid is manu- 
factured in very large quantities by the action of oxygen 
upon sulphur dioxide in the presence of water. Under ordi- 
naiy oonditions the action is very slow. But if the oxygen 
is presented to the sulphur dioxide by means of a suitable 
oxide the oxidation is much more rapid. On a large scale 
the oxygen of the higher oxides of nitrogen is used for the 
purpose. 

The process may be imitated on a small scale by oxidising 
a solution of sulphur dioxide by means of nitric acid. 

ExPT, 160. — Prepare a fresh solution of sulphur dioxide 
by passing the gas into some distilled water, which baa been 
recently boiled in order to expel dissolved oxygen. 

Test this solution for sulphate by means of hydrochloric 
acid and barium chloride (135); probably no precipitate 
will appear. 

Now add a few c.c. of strong nitric acid to a little of the 
sulphur dioxide solution in a four-ounce flask, and boil the 
liquid for some time. Test this solution with hydrochloric 
acid and barium chloride solution. A copious precipitate 
of barium sulphate will form, showing that the sulphur 
dioxide solution has been oxidised to sulphuric acid by the 
nitric acid. 

133. Properties of Sulphnilc add. — A few experiments 
are given below to illustrate the properties of sulphuric acid. 
When the acid is strong it is very corrosive ; it rapidly 
destroys the clothes and causes painful bums when it is in 
contact with the skin (see Caution, p. 26). 

ExPT. 161. — Dissolve a few lumps of sugar in as little 
water as possible in a small beaker. Place the beaker on a 
dinner-plate, and pour into the liquid about its own volume 
of strong sulphuric acid. A violent action will take place, 
attended with escape of sulphur dioxide, and production of 
a black moss of charcoal. The strong acid chars most 

'Si^ 
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organic Bubetances in thie way bj Femoving from them the 
elemento of water. 

ExpT, 162. — Place a drop of dilute sulphuric acid upon a 
filter-paper, and gently heat it over the Bunaen burner. As 
the aeid becomes concentrated by evaporation the paper 
will be charred. 

ExPT. 163. — Pour a thin stream of the strong acid into 
a little water in a beaker. Notice that the beaker becomes 
hot, owing to the combination of the acid with the water. 

Never pour water into strong sulphuric acid, since this 
might cause a serious accident, owing to the rapid produc- 
tion of intense heat. 

ExpT. 164,— Pour a little strong sulphuric acid into a 
beaker; mark the level of the upper surface of the acid 
hj means of a gummed strip of paper on the side of the 
beaker, and note down the weight of the beaker aud acid. 
Then allow the open beaker to remain in a safe place for a 
week, and note the increase of volume and of weight which 
has occurred in the acid. This increase in volume and weight 
is caused by the acid absorbing moisture from the air. The 
strong acid is therefore a powerful ' desiccator,' and it is often 
used for absorbing the moisture from gases or drying them. 



Thb Sulphatbb, 



134. The sulphates are a very important class of salts. 
They may be prepared by the general methods given in 
paragraph 108. 

ExPT. 165.— Prepare zinc sulphate crystals (ZuSO^.TH^O) 
by allowing zinc to act upon dilute sulphuric acid in a 
small beaker until no more zinc can be dissolved, then pour- 
ing off the liquid from the undissolved zinc, concentrating 
it by evaporation, and allowing it to crystallise. 

ExPT. 166. — Add potassium hydroiide solution gradually 
to s<sne dilute sulphuric acid until the hquid is just alkaline 
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and turns red litmus paper blue ; concentrate the liquid by 
evaporation, and allow it to cryBtallise. Potassium sulphate 
crystak (K2SO4} will be obtained. 

ExPT. 167. — Prepare insoluble barium sulphate by adding 
bariunk chloride solution to dilute sulphuric acid ; filter, and 
prove that the precipitate does not dissolve in the common 
dilute acids. 

135. Test for Sulphates.— The solution of a sulphate 
which has been acidified with hydrochloric acid gives a white 
precipitate when it is mixed with barium chloride solution ; 
the precipitate is insoluble in hydrochloric acid, and in 
dilute acids generally. 
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COKBTANOr OF CoMPOSmOH OT CoMPOONDS. 

A Chemical Oompound icvariably contains the same con- 
stituents combined in the Bame proportion by weight. This 
IB known aa the Law of Definite Proportions. Several 
experimenta have already been described which illustrate 
this law. A few others are appended below. 

Fm. B7. 



CoMBvsnnN or Uagnesitiii. 



136. Comhiiiation of UagDeBitun -wiih Osj^;eQ.— Mag- 
ne^um may be readily converted into magnesium oxide by 
burning it in the air. The study of this change by means 
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of the balance will afford another proof that the relation by 
weight of tlie constituents of a compound substance is con* 

EiFT. 168. — Carefully weigh a porcelain crucible about 
1'75 inches in diameter, and note down the weight. Clean 
some magnesium ribbon by rubbing it with sandpaper, and 
weigh out 0*4 gram of the metal. Cut the metal into small 
pieces, and drop it into the crucible. 

Place the crucible upon a pipeclay triangle and tripod 
(fig. S7), wid nearly cover it with the lid, leaving a small open 
space ; then gradually heat it until the bottom is red-hot. 
As soon as the metal ceases to glow, take off the lid and heat 
the grey mass in the crucible over the blowpipe-flame until 
it becomes white. Now weigh the cool crucible and its con- 
tents again on the balance, and deduct from this weight the 
weight of the empty crucible. The difTerence will give the 
weight of the magnesium oxide which has been formed. 

Calculate the ratio of the weight of the original magnesium 
to that of the magneaiuiQ oxide (MgO) formed. This ratio 
will remain unchanged if the experiment is repeated. 

137. Oombination of Coi^ier with Snlpbnr. — When 
copper is heated with sulphur, it is converted into sulphide, 
but the conversion is incomplete unless the air is escluded. 

ExPT. 169. — Weigh a crucible on the balance, and then 
weigh into it one gram of bright copper 
turnings or filings. Cover the metal '"' "^^ 

completely with powdered sulphur, and /^- ^^^^^^""^ 

support the crucible on a triangle or it — \ . 
tripod (fig, 67). ^^ 

Now fit the bowl of an inverted clay 
tobacco-pipe into the crucible (fig. 58), Formation oitCoppbe 
and conduct a gentle stream of coal-gas 
through the pipe-stem by means of a rubber tuba By 
this device the contents of the crucible may be gently 
heated in an atmosphere of coal-gas. 

As soon as the blue flame of the burning sulphur has 
disappeared, allow the crucible to cool in the current of coal- 
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gas and weigh it. Now sprinkle a little more aulpliur on the 
contents of the crucible, repeat the heating and cooling in 
coal-gas, and weigh again. Continue these operations until 
the crucible and its contents cease to increase in weight. 

Calculate the ratio of the weight of the copper to that of 
the cuprous sulphide (CujS) formed. 



EquiVALBNT Wbights of Elements. 

138. Tbe Equivalent Weight of an element is the weight 
which will enter into combination with, or displace from 
combination, one part bj weight of hydrogen. 

Most elemente possess one equivalent only, but certain 
elements possesa two or more equivalents. Thus tin forms 
two series of compounds which are distinguished as stannous 
and stannic compounds. The equivalent of tin in stannous 
compounds is 59, and in stannic compounds 29'5. 

Since some elements do not combine with hydrogen to 
form definite compounds, and since hydrogen is bo estremely 
light that it is difGcult to weigh it with accuracy, indirect 
methods of determining equivalents are commonly used. 

The error incurred in weighing hydrc^en can sometimes 
be obviated by replacing the hydrogen of an acid by the 
element. The volume of hydrogen evolved can then be 
ascertained, and its weight may be calculated from its 
volume. 

In other cases the weight of the element is determined 
which combines with a fixed weight of some other element, 
the equivalent of which is known. Thus the equivalent of 
oxygen is known to be 8, and one gram of Mg combines with 
0*67 gram of osygen (136) ; hence the equivalent of mag- 
nesium, compared with oxygen as unit, is aTh?"^'^' *''*"''^' 
ingly, compared with hydrogen as unit, tbe equivalent will 
be 1-5x8=12. 

Many of the experiments which have been already per- 
formed will serve to determine the equivalents of elements, 
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when the equiviileiit of one of them, compared with hydrogen 
as unit, ia known. 

It will usually be sufficient, in the following examples, to 
give the relations of the weights of the elements to each 
other. These numbers may easily be converted into 
hydrogen equivalents by reference to the Table of Equivalents 
given in the Appendix. 

Three methods of determining equivalents are described 
below; — (1) direct replacement of one metal by another; 
(2) conversion of the metal into oxide; and (3) meaaure- 
ment of the volume of hydrogen displaced by a metal during 
its solution by an acid. 



EQDIVALBKTa BY BepLACBMEKT OP MbTAL BT MeTAL. 

139. Tbe B^lacement of a Hetal Crom tbe Solution of 
its folt by another Hetal was the earliest means adopted 
for ascertaining equivalent weights. When a suitable metal 
is placed in the solution of a salt of another metal, it will 
dissolve and will liberate an equivalent weight of the other 
metal contained in the salt. 

Thus when zinc or iron is placed in a cold solution of 
copper sulphate, the metal will be dissolved, and a definite 
weight of copper will be separated. The weight of copper 
thus separated will always bear a certain fixed relation to 
the weight of the metal which has been dissolved. The 
eqaivaleni weights of the metals, which have been thus 
obtuned, may be used for calculating the hydrogen equiva- 
lents, as has been explained above. In this example the 
hydrc^en equivalent of copper must be obtained in order to 
calculate the hydrc^en equivalent of the other metals. 

ExpT. 170.~-Ileplacement of Copper by means of Zinc. 
— Weigh out one gram of pure zinc foil and place it in a 
weighed porcolain-diah in somewhat dilute cold solution of 
copper sulphate : a dark-coloured coating of metallic copper 
will immediately be deposited upon tbe zinc. 

If the copper sulphate is present in sufficient quantity. 
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the whole of the zinc will ultimately be disBolved. The 
completion of the proceaa may be haatened by gently warm- 
ing the liquid. When the idnc has been dissolved, the liquid 
must be distinctly blue in colour, proving that copper sul- 
phate is present in excess. 

As soon as no hard pieces of zinc can be felt or seen when 
the deposit is stirred with a glass rod, pour off the liquid 
carefully, without removing any of the copper, and wash the 
metallic powder carefully, first with water and finally with 
alcohol. Then dry it in the steam oven, and quickly weigh 
the dish and its contents as soon as they are cold. 

Calculate the hydrogen equivalent from the weight of 
copper deposited. 

140. Other BeplacementB of Hetals, which may be 
carried out in a similar manner to that already described, 

are given below. 

ExpT. 171. — Estimate the weight of copper which is pre- 
cipitated by dissolving one gram of clean iron turnings in 
excess of copper sulphate solution. 

ExpT. 173. — Estimate the weight of silver which is preci- 
pitated from silver nitrate solution by 0'5 gram of copper, 
taking care that excess of silver solution is employed, and 
that no silver is lost. 

ExFT. 173. — Estimate the weight of lead which is preoi- 
pitated by dissolving 0'5 gram of zinc in excess of lead 
acetate solution. 

Calculate the H equivalents of Cu, Ag and Pb from the 
results obtained. 

The B«8iilts of the EzperimentB should be as follows : — 
1 gram of zinc precipitates 0'97 gram of copper 
1 „ iron „ 1'13 grams of copper 

1 „ copper „ 340 „ silver 

1 „ zinc „ 3-20 „ lead 

From the above results it is possible to calculate the 
weights of the metals which are equivalent to each other. 

Thus 1 gram of Fe is equivalent to 1'13 grams of copper. 
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also 1 gram of copper is equivalent to 3'40 grams of siWer. 
Hence it is inferred that 1 gram of Fe is equivalent to 
l-13x3-i0-3-84 of silver. If the hydrogen equivalent 
of Fe is 28, then the hydrogen equivalent of silver will be 
3-84x28= 107-5. 



Eqtjitalbnts Br Cobvbrsioh into Oxides. 

141. MoBt metals are converted b7 nitric acid either into 
nitratee or into oxides. The oxide is produced in moat cases 
if the excess of acid is evaporated completely after the action 
on the metal is complete, and the residue is then strongly 
heated. This process of convertiug metals into their oxides 
furnishes a simple means of obtaining the oiygen equivalenta 
of the metals. 

ExFT. 174. — Estimation of the Equivalent of Copper by 
conTortiiig it first into Nitrate and then into Oxide. — 
Weigh out one gram of copper 
turnings into a small porcelain 
evaporating dish, which has 
been previously weighed, and 
add a few c.c. of strong nitric 
acid. Cover the dish imme- 
diately with a funnel in order 
to prevent loss by spirting. 
As soon as the action has be- 
come moderate, place the dish 
on a pipeclay triangle, supported 
on a tripod-stand (fig. 59), and 
heated very gently with a small 
flame. 

When no more effervescence Contbebiok of Coppbe into 
occurs, remove the funnel, rins- Coppbe oxide. 

tug it into the dish with the 

wash-bottle, and evaporate the blue solution to dryness on 
the water-bath (fig. 40, p. 68). Then heat the blue copper 
nitrate, gradually increasing the temperature until no red 
fumes are given off and the residue is black. 

„,:■■,,,,., Google 
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Allow the dish to cool and weigh it. Then heat it again, 
and once more cool and weigh it. Repeat these operatione 
until the weight is constant. The increase of weight which 
the copper has undergone wilt he the weight of oxygen 
which one gram of copper combines with to form its oxide. 

Tbiu, supposing th»t 1 gram of a metal increases in weight 
by 0'13 gram. Since the hydrogen equivalent of oiygen is S, 0'43 
gram of oiygen will correspond to -^—=0*051 gram of hydtogen. 

Hence the equivalent of the metal would be — ■ = 18'a2. 
^ 0-OS4 

ExpT. 176. — Convert tin into tin dioside by treatment 

with nitric acid, and ascertain ite hydrogen equivalent. 



Equivalents by Volumb op Hydroqbn 

142. As has heen already stated (138)1 the volume of 
hydrc^en displaced from an acid by a metal may be 
measured in order to obtain its equivalent. In the follow- 
ing experiments it is shown that a given weight of a metal 
gives off the same volume of hydrogen gas from different 
acids, and that equal weights of different metals give off 
different volumes of liydrogen from an acid. The method 
of calculating the hydrogen equivalent from the volume of 
hydr<^en evolved is also explained. 

ExPT. 176.— Estimation of the Volume of Hydrc^en 
evolved from different Adds by the action of Zinc. 

Place in the flask of the apparatus, which has already heen 
described in Expt. 65 (p. 60), one gram of pure distilled zinc, 
and add 15 c.c. of water and a drop of platinum chloride 
solution. Half fill the small test-tube with strong sulphuric 
acid, see that the joints of the apparatus are sound, and 
proceed with the estimation as was described on page 60. 
When the flask is cold measure the volume of hydrogen 
which Itaa been evolved, by reading the volume of water 
displaced into the cylinder. 

In a second experiment weigh out one gram of zinc. 
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iatroduce into the flask 14 c.c. of water, and fill the siuall 
test-tube with strong hydrochloric acid. 

Compare the Tolumea of gas evolved after correcting them 
for temperature {Note, p. 50), 

The volumes of hjdrt^en evolved should be the same in 
both cases. 

ExPT. 177. — Estimation of the Volume of Hydrogen 
which is evolved from an Acid by a known weight of 
Zinc, Uagnesium, or A iTti ni"'"' 

Estimate in the manner described in the preceding para- 
graph the volume of hydrogen which is evolved by treatmg 
the following weighte of the above metals with hydrochloric 
acid, adding a drop or two of platinum chloride if necessary 
to start the reaction : — Zinc, 1 gram (possibly already done) ; 
magnesium, 0'5 gram; aluminium, 0^2 gram. 

Correct the volume (Note, p. 50), and calculate from the re- 
Bulta which are thus obtained, the weight of each metal which 
would tie required to evolve the same volume of hydrogen. 
These weights will be foimd to be in the relation of the 
hydrogen equivalents of these metals, which are given in 
the Table of Equivalents in the Appendix. 

This relation follows from the fact that equal volumes of 
hydrogen liave equal weights, and therefore the weighte of 
different metals which replace equal volumes of hydrogen 
will he in the same ratio aa the equivatente of these metals. 

143. Calcnlation of the Hjrdrogen Equivalent. — In order 

to calculate the hydrogen equivalent of zinc from the volume 
of hydrogen gas which it evolves from an acid, it is neces- 
sary first bo reduce the measured volume of the gas to that 
which it would occupy at 0° C. (Note, p. 50), The weight 
of that volume is then calculated on the assumption that 
1000 c.c. of hydrogen at 0° weigh 0-09 gram. 

The change of volume due to variation from standard 
pressure and to the presence of water vapour are not taken 
into account, since the errors of experiment are greater than 
the changes of volume due to these causes. 

,;,, .,.,,, Google 
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In a partlonlar estimation, 1 gram of zinc svolved SSO c.c. of 
hydrogen at 17° C. ((). 
The volome of this gaa at 0° C. =^~ =^-^-^f^ = ZSa c.c, 

3S9 X 0'09 
and its weight = — looo =0'0305 gram. Accordingly tho hydrogen 

<^uiwleDtofzinc = 5:^ = 328. 



Acid Substances, Basic Substances, and Salts. 

144. Some information concemitig acids and salts has 
been already given in speaking of hydrochlorio acid and 
the chlorideH (IO5-IO8). This information may now be 
extended by making some experiments on the general proper- 
ties of acid and basic substances, and of salts, and by learn- 
ing methods for their quantitative measurement. 

Certain changes in colour are produced with vegetable 
or other colouring matters and are made use of in these 
processes, and the coloured substances which undergo these 
changes are termed 'indicators.' 

145. Indicators. — The use of two indicators, litmus and 
turmeric, may be described here. Certain substances have 
the power of altering the colour of these vegetable bodies. 
Litmus and turmeric are accordingly 'indicators' of the 
presence of these substances. 

For instance, acid substances, includii^ many free acids, 
turn blue litmus red, but do not alter the colour of turmeric. 
Alkaline substances, including many basic substances, turn 
red litmus blue and yellow turmeric brown. 

By the careful addition of an acid to an alkali, a neutral 
substance can be produced, which causes neither litmus nor 
turmeric to change in colour. 

Other colouring matters may be used as indicators instead 
of litmus and turmeric. Perhaps the most useful of these is 
methyl-orange ; this substance is yellow in alkaline solution, 
but its colour changes to red when the solution is acidified. 

The three varieties of substances, the soluble acids, bases. 
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and salts, which give respectively acid, alkaline, and neutral 
reactiona, may be taken as representatives of three classes 
of substances. 

ExPT. 178.— Properties of Adds.— Try the effect of the 
common dilute acids upon each of the following substances, 
and tabulate the results which are obtained. 

(a) Blue litmus solution, or paper. 

(b) Red litmus solution, or paper. 

(c) Yellow turmeric paper. 
(ij) Methyl-orange solution. 

(e) Sodium hydroxide solution coloured by litmus. 

(J) Solid sodium carbonate. 

(^) Metallic zinc. 
ExPT. 179.— Properties of BaseB.— Try the effect of 
solution of sodium hydroxide and of solution of calcium 
hydroxide separately upon each of the following substances, 
and tabulate the results which are obtained. 

(a) Red litmus solution, or paper. 

(b) Blue litmus solution, or paper. 

(c) Yellow turmeric paper. 

(d) Methyl-orange solution acidified with one drop 

of acid. 

(e) Dilute sulphuric acid coloured by litmus, 

ExPT. 180.— Properties of Salts.— Try the effect of 
adding solutions of sodium sulphate, of sodium carbonate, 
and of alum separately to each of the following substances, 
and note down the results obtained. 

(o) Blue litmus solution, or paper. 

(b) Bed litmus solution, or paper. 

(c) Yellow turmeric paper. 

(d) Methyl-orange solution. 

(e) Solid sodium carbonate. 

It will be found that acids will change blue litmus to red, 
will alter the reaction of an alkali, will decompose carbonates 
with evolution of carbon dioxide, and will act upon zinc 
mih evolution of hydrogen. Most of these j)ropertiea are 
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common to acids and distinguiBh this class of compounds 
from others. i 

It will be found that bases will show an ^kaline reaction 
with test-papera, and will alter the reaction, of acids, either 
neutralising or reversing the reaction according to the pro- 
portion of base which is added. It may belrema^kedthat 
most bases are oxides or hydroxides. Many of fthem .are 
insoluble in water, and accordingly cannot produce any 
reaction on teat-paper. The reaction of a ba^is jtever aaid. 

On the other hand, neutral salts will caiise.-no change of 
colour in the indicators, neither will they evolve carbon 
dioxide from carbonates. Many salts, however, possess an 
acid reaction, and the solution of some of them even causes 
carbon dioxide to be evolved from carbonates, and hydrogen 
to be evolved by zinc : alum is an example of such a salt. 
Other salts are alkaline in reaction and show<the general.. 
character of bases: sodium carbonate is an e^^ple of a_' 
salt with alkaline reaction. 



AciDIUETBT AND AliEALIMETRY. 

146. Estboatioa of Adds and Alkalis by Ueasnrement 
of liquid Volume. — The volume of the solution of an acid 
which is required to neutralise a certain volume of the 
solution ot an alkali may be ascertained by applying the 
information famished in the preceding paragraph. 

The usual method consists in measuring an exact volume 
of one liquid, say of the alkali, by means of a graduated 
cylinder (8) or pipette {9), and then gradually dropping 
the acid liquid into this from a burette (lO) until the 
resultant liquid is neutral. 

In order that the exact point of neutrality may be 
easily seen, a few drops of litmus solution are added to 
the alkaline solution, and the aoid liquid is theu dropped 
in until the blue colour of the liquid just changes 
ti>;red. Methyl-orange solution may be used instead of 
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litmus : the colour will then change from yellow to red just 
as neutralisation is reached. 

The weights of acid and of alkali in solution, which are 
equivalent to each other, may be thus easily ascertained if 
the liquids are of known strength and their volumes are 
measured with care. 

A few simple experiments will serve to illustrate this 
process. 

ExFT. 181. — Fr^iarati(ni of Standard Sulphmic acid 
Solntioii coDtaining 20 grams of Add per litre.— Weigh 
20 grams of pure concentrated sulphuric acid (H^SO^) 
in a weighed beaker. Four this Into a beaker containing 
about 600 c.c. of water, mis the liquids well, then rinse 
out the small beaker and add the washings to the liquid in 
the lai^er beaker. As soon as the liquid is cold transfer it 
to a stoppered litre cylinder, washing out the beaker and 
adding the washings to the liquid in the cylinder. Finally 
dilute the liquid to the litre-mark by the cautious addition 
of water,- close the cylinder, and mis its contents thoroughly 
by shaking. The acid solution will now be ready for use. 

Note that 20 grams of HjSO^ have been diluted to one 
litre or 1000 c.c, and that each c.c of the liquid there- 

20 
fore contains fnnn - 002 gram of H^SO^. 

ExpT. 182.— Freparation of Standard Fotassiiun 
hydroxide Solution. — Next weigh out quickly 20 grams 
of solid potassium hydroxide (KHO), avoidii^ contact of the 
caustic substance with the fingers or with the scale-pan. 
Dissolve this in a small quantity of water, and dilute the 
solution to a litre as in the preceding experiment. Each 
cc of this Bt^ution will contain 0*02 gram of KHO. 

ExFT. 163. — Determination irf the Volume of the Stil- 
phnric acid which is required to Neutralise various 
YolnmeB of the Potassium hydroxide Solution. — Measure 
out 20 cc. of the potassium hydroxide solutioi^ 
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eight-ounce beaker by means of a pipette (9), and odd to 
it a little water and a few drops of litmus solution. 

Rinse out a burette (lo) with a little of the acid solution, 
and then fill it to the zero mark with the same solution. 
Now add the acid solution gradually to the contents of the 
beaker, stirring continuously, until the blue colour of the 
litmus jW^ changes to red. Read off the number of c.c. of 
acid which have been required for this purpose. A repeti- 
tion of the process with 20 c.c. of fresh KHO solutjon should 
yield a result not differing by more than 02 c.c. from the 
first one. 

Now measure out separately 40 c.c. and 60 c.c. of the 
alkaline solution into two beakers, and add the acid as 
before until each portion is exactly neutral. It will be found 
that these portions of the alkaline solution will requite 
respectively double and treble the quantity of acid which 
was required by the 20 c.c. of the alkaline solution. Hence 
the proportion by volume of the acid solution to the alkaline 
solution is the same whatever quantity of the alkaline solu- 
tion is neutralised. 

Now calculate the weight of H^SO^ which would be 
required to neutralise one gram of EOH (147). 

147. Calculation of the weight of Sulphuric acid wblcli 
is required to nentralise a given wdght of Potaasiiim 
hydnmda — Since weighed quantities of acid and alkali 
were used in preparing the acid and alkaline solutions, it 
is possible to calculate the ieeight of acid which has been 
required to nentralise a given weight of the alkali. 

Example. — Id b special det«rminstion 20 co. of the potaBUuni 
hydroxide aolntion required for nautralisatioi] 17 '8 o.c of the Btuidard 
sulphuric Bciil. 

Now eaoh c.c of these BolutioDH containa 0'02 gnun of add or of 

elk«1i, 
Therefora 20x0-02 = 0-1 gram of KHO requires 17-SxO-D230'3e6 
gram of H^SO^ for \ta neutral isfttion. 

Thereforeone gramotKHOwould require— ^-l^'O'S* ff"" "^ 
H^Oi for its ueutcalisstioD. 
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ExPT. 184. — Detenninatioa of the Weight of Sulphutifi 
acid required to Neutralise a given Wei^t (^ Sodium 
hydroxide SoIutioiL — Weigh out 20 grams of Bodium 
hydroxide (NaHO); dissolve this in water, and make the 
eolutioQ up to a litre, as was done in the case of potassium 
hydroxide (Expt. 182). Measure out 20 c.o. of this solution, 
and exactly neutralise it with the standard sulphuric acid, 
using litmus as an indicator. Calculate as before (147) the 
weight of the acid which would be required to neutralise one 
gram of NaHO. 

Example. — In an actnol experiment it was found that SO cc. of 
Bodium hydroxide aolatioa were uentralieed by 23'S cc. of the sul- 
phoiic acid solution. Therefore, 20x0-02 = 0-4 grams ot NaHO 
required for ueutralisatioD 23-6xO'02 = 0-472 grama of H^O^, and 
one gram of KaHO would reqiiiie I'lS gram of HgSOj. 

£xFT. 185. — Sulphuric add and Sodinm Hydrogen car- 
bonate Solution. — Weigh out 20 grams of sodium bicar- 
bonate (NaHCOj), dissolve this in cold water, and dilute the 
solution to a litre with water. Neutralise 20 cc. of this 
solution with the sulphuric acid solution, using methyl-orange 
as an indicator. 

Example. — In an actual experiment, 20 cc. of the bicarbonate aoln- 
tlon required 12'Oo.c. of the sulphuric acid for neutrollBation. Accord- 
ingly, 0-4 gram of NaHC03 sentralises 0'2J gram of HgSOu and one 
gram of NaECO) wonid require 00 gram of HjSO, for neutratisatioa. 

£xFT. 186. — Sulphuric acid tuid Sodium Diborate (Borax) 
Solntion. — Dissolve 20 grams of crystallised boras (NajB^O,. 
lOHgO) in water and make the solution up to a litre. Titrate 
20 o.c. of this solution with the sulphuric acid solution, 
using methyl-orange as an indicator. 

Example. — In an actual experiment, 20 cc. of the borax solution 
required 5'1 cc of the aulphuric acid solution for neutralisation. 
Therefore, 20x0-02 = 0-* gram of etystalliaed borax requirea tor 
neutralisation B-lxO-02=0-103 gram ot HjaO,, and one gram of 
borax would require 0-28 gram of H^Oi. 

148- Equivalence of the Alkaline Solutions. — According 

to the above experiments the following quantities of the 
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alkaline Bolutions are equal to each other in their power of 
neutralising a given volume of the acid. 

20 o.c. of the KHO solution neutralise 17'8 c.c. of the 
HjSO, Bolution, and 23-6 c.c. of the H2SO4 solution are 
neutralised by 20 c.c of the NaHO solution. Therefore 
17*8 c.c. of the HjS04 solution would be neutralised by 
20 X 17-8 _ 

23-6 

In the same way it can be calculated that 17'8 c.c, of the 
HjSO, solution would be neutralised by " ** — = 29'7 c.c. 



= 151 c.c. of the NaHO solution. 



of NaHCOg solution, and by ?2^i^ = 69-8 c.c. of the 



12-0 

8 

51 



borax solution. 

Accordingly, if the amount of acid neutralitied by 20 c.c. of 
the KHO solution is taken as the standard, the equivalence, 
as regards neutralising power, of the following volumes of 
the alkaline solutions has been established :— 20'0 o.c. of the 
KHO solution : 15-1 c.c. of the NaHO solution : 29-7 c.c of 
the NaHCOj solution : and 69'8 c.c. of the borax solution. 
Or 0-4 gram of KHO, 0-302 gram of NaHO, 0-594 gram of 
NaHCOj, and 1396 gram of borax have the same neutralis- 
ing power, since each of these quantities neutralises 0*356 
gram of HgSO^. 

149. GalcuIatioD of the Wei^ts of Sulphuric add 
which are equivalent to equal Weights of different 
Alkaline SnhstanceB.— If 20 c.c of the solution of potassium 
hydroside, of sodium hydroxide, and of sodium bicarbonate are 
used, the weights of the solids dissolved in each case will be 
the same, namely, 0*4 gram. It will be found that different 
volumes, and therefore different weights, of sulphuric acid 
are necessary for neutralising these equal weights. The 
ratios of these equal weights to the weights of acid will be 
foimd to be the same as the ratios of the weights shown in 
following equations. 
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E.II01 


H2SO4 + 2KHO-K2SO, + 2HjO 


H^O. KHO 


98 112-3 


0-873 : 1 


H^O, + 2NaH0 - Na^O. + 2H,0 


H^O, NaHO 


98 80 


1-23 : 1 


HjSO^ +.2NaHC0j - Na^SO^ 4- 2HjO 


HjSO, NaHC 


98 168 +2CO3 


0-58 : 1 


HgSO, + NaijE^Oi-lOHgO = Na^SO, + 4HjB0j 


HjSO^ Borai 


98 382 +5H,0 


0-25 : 1 



NoTK. — tt will b« noticed, Iiowever, that the experimental rranlls 
givan above do not ^nite igree with the theoretical valaes indicated 
hj the eqnatioiu. The dilTereDW ia due (1) to the fact that some of the 
substances which are need in theae experiments are not quite pme, 
and (2) to the slight errorti which am necessarily inTolved in cairyiiig 
ont Uie eif eiiments. 

150. Vae of Standard Solutions in determining Adds 
and Alkalis of nnbnown Strength. — It is evideut th»t the 
weight of acid which is capable of neutrahsing a known 

weight of a, particular alkali can be found both by experi- 
ment and by calculation. Hence if a solution of alkali of 
unknown strength is eupplied the weight of alkali in solution 
can be experimentally determined by means of an acid solu- 
tion of known strength, provided that the reaction between 
the acid and the alkali is known. 

This is also the case when an acid of unknown strength is 
neutralised by an alkali of known strength. 

ExpT. 187. — Determine the Strength of the dilute Acid 
on the Laboratory Bench, taking 5 c.c. of the acid and using 
standard potassium hydroxide solution (40 grams per litre) 
in the buretta 

Btamtde.— 6 c.c. of dilute HCI were meamred ont into a beaker, 
and were mixed with a few dtope of methyl-orange ; standard 
NaHOsolutiantlc.c. = 0-0i gram) was then added nntil the acid wai 
nentratieed. It wm found that C c.c. of the acid required tl cc. of 
the alkaline solution for its neutralisation. 



-si-' 
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TheequRtion NaH0+ECl=NaCl-f-HiO shows that 40 gnuns of 

NbBO nentnlisB 36 '45 grsins of HOL 
Therefore one gram of NaHO will neutralise — jj-=0'8112 gram 

ofHca. 

Aud 1 cc. ( = 0'04 gram) nentraliaeB 0'S112xO-04=0-03e4 gram 

ofHCl. 
Therefore 5 c.e. of the diluta HCl contain 41 X 0364 = 1 -4824 grant 

ofpureHCl, and onelitrecoutainB 1-4921 x200 = 298-S grams 

of HCl. 

"Rtp t, 188. — Determine the atrei^b of the laboratory 
BolutionB of sodium carbonate and of potaasium hydroxide by 
means of standard sulphuric acid (40 grams H^SO^ pet litre). 



MISCELLANEOUS EXAMPLES. 

151. A number of examples are given below, which may 
be worked out with little or no assistance at this stage, from 
the esperience which has been already obtained. 

The outline of the procedure to be adopted in each case 
is given. 



Preparation op Crtstallinb Salts. 

152. The general method of procedure is as follows: — 
Dissolve as much as possible of the metal or other substance 
in a suitable quantity of the reqmsite acid, using heat if 
necessary. If the solution is not clear, either decant or 
filter it from the solid matter. Then concentrate the liquid 
by evaporation until the salt crystallises out aa the liquid 
cools. 

Describe the crystalline shape, the appearance, and other 
properties of the product obtained. 

The following will be suitable examples : — 

(1) Zinc sulphate, ZdSO^.THjO, from dilute H^SO^ and 
metalUc Zn, 
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{2) Iron snlphat^ Fea04,7H20, from dilute H2SO4 and 
clean iron tumii^, 

(3) MagneBiiiin sulphate, l^SO^.THjO, from dilute H^SO^ 

and MgO. 

(4) Copper sulphate, OuSO^.SH^O, from dilute H^SO^ and 

CuCOg. 

(5) Copper nitrate, On(TSO^^.BS.^O, from strong nitric acid 

diluted with an equal volume of water and copper 
turnings. 

(6) Lead nitrate, !Pb(N'0j)2, from nitric acid of the above 

strength and metallic lead. 

(7) Potassium nitrate, KNOj, from dilute HNOj and KHO 

solution, 

(8) Tin Chloride, S11CIJ.2H2O, from strong hydrochloric acid, 

diluted with its own volume of water, and metallic 

(9) Barium Chloride, BaCVSH^O, from dilute HCl and 

BaCOg. 



Pbbpahation op Soluble and Ihsolublr Salts bv 
Double Dbcoufosition. 

153. A very useful exercise in precipitation and crystal- 
lisation consists in forming an insoluble salt and a crystal- 
lised soluble salt by double decomposition, from weighed 
quantities of two original salts. An example will make this 
clear. 

ExpT. 189.— To form BaSO^ and CuCIg by douUe decom- 
positioil. — Weigh out quantities of crystallised copper sul- 
phate (CuSO^.SHjO) and barium chloride (BaCl2.2H20), 
such as are required by the following equation. 

BaClj. 2H,0 + CuSO^.SHjO = BaSO^ + CuClj.aH^O + 6HjO 
244-3 249-6 233-i 170-5 

As the above weights in grams derived from the' equation 
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will be too large, the numbers may be divided by iO, The 
weights to be taken will therefore be 

6-1 grams of BaCl2.2H20 and 62 grams of CnSO^.BHjO. 

Dissolve each of the weighed salts separately in about 
SO c.c. of distilled water, and mix the two solutions t<^ether. 

Separate the precipitate from the liquid by filtration, and 
wash (l88), dry (iSp), and weigh the BaSO^. It should 
amount to 333 4- 40 = 5*8 grams. 

Collect the filtrate and the first washings and evaporate 
the liquid until it deposits crystals of CuClj.2H20 on cooling. 
Note the appearance of the crystals. Then dry them by 
pressing them gently between filter-paper, and weigh them. 
Compare the weight found with the weight which should be 
found as calculated from the equation. Since some CuG^ 
will always remain in solution, the weight of the crystals 
will probably be only about two-thirds of the amount cal- 
culated from the equation. 

Similar preparations may be made from the following 
subBtances ; — 

(1) Lead nitrate and Potassium chi-omate : — 

Pb(N03)j + K^CrO^ = PbCrO^ + 2KNO3. 

(2) Lead nitrate and Copper snli^te : — 

Pb(N0,)3 + CuSOj.SHjO + H5O = PbSOj + Cn(N0^\.5B.p. 

(3) Copper solphate and Potassinm ferroc^anide : — 
2CuSOj.5HjO + K^FeCya-SHjO = Cu^FeCye + 2KjS0, + 

ISH3O. 



Estimation op the Solubility op Sdbstancm in Watbb, 
154. The determination of the solubility of a substance 
in water at different temperatures, forms a useful exercise. 
The results should be plotted out as a curve on squared 
paper, the temperatures forming the abscisa^e, and the per- 
pentage weight dissolved forming the ordinates, 
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ExpT. 190. — Determine the aolul>ility of potassium chlorate 
and of potassium dichromate at the temperatures of 15° C, 
20" C, 25° C, 30° C, and 40° C. by the method described in 
pan^;raph 66. Plot out a curve on one tenth-inch squared 
paper, the temperatures being placed horizontally and the 
percentages dissolved vertically. 



CONVBRSIOH OF NlTRATSS AND CaBBONATBS INTO OxIDBS. 

155. Many nitrates and carbonates of metals are converted 
into oxides when they are strongly heated. By weighing 
out accurately between one and two grams of the salt, and 
heating it in a crucible until the weight remains constant, 
the relation by weight of the salt to the oxide can be deter- 
mined. 

ExFT. 191. — Ascertain the weight of oxide which remains 
when 1*5 grams of each oF the following salts are heated : — 
Lead nitrate, barium nitrate, copper carbonate, and zinc 
carbonate. 



Effect of Heatino a Subbtaitcb alone, in Air, 

AND IN HtSROOEN. 

156- The study of the action of heat upon a substance 
out of contact with air, in a current of air, and in a current 
of dry hydn^n, will furnish a useful series of exercises, 
particularly if the reaction is studied quantitatively as well 
as qualitatively. 

Expt. 192. — Try the efibct of heating about two grams of 
the following substances: — Red lead, copper oxide, coke, 
ferric oxide, iron pyrites, and manganese dioxide. 

(1) Id a narrow combustion-tulie closed at one end. 

(2) In a tube open at both ends, through which a current 

of air is passing. 

(3) In a current of hydrogen which has been previously 

dried. 
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Dbterhination of thb WBroHT OF A LiTRK OP Carbon 
DIOXIDE Gab. 
157. If a carbonate is heated under suitable conditions 
with an excess of acid, the loss of weight is equal to the 
weight of carboD dioxide which was in the carbonate {87). 
The volume of the gas which is evolved during this change 
may also be ascertained (86). From the two results thus 
obtained the weight of one litre of carbon dioxide gas may 
be calculated. 

Ezpi. 193. — Obtain the weight of a litre of carbon dioxide 
gas by two experiments, using for this purpose first calcium 
carbonate (CaCOg), and then sodium carbonate crystals 
<Na2COB.10HjO). 



Dbteemination of the Composition or Wateb bs Weioht. 

158. Tha composition of water lias been studied in paragraphs 
G2, S3, and it was ahown that water is a compound of oiygen and 
hydrogen. Tlie most convenient method of ascertuning the propoT- 
tion b; Height of these two elements in water depends upon the action 
of pure dry hydrogen upon copper oxide at a red heat. The hydrogen 
combinea with the osygeo to form water and the copper oxide is 
reduced to metallic copper: — Ha + CuO=HaO + Cu. 

The water ia collected and weighed, and the decrease in weight of tiie 
copper oxide ia aecertained. The weight of the oiygen which has com- 
bined with the hydrogen to form the wat«r ia thus obtained. From 
these data the relation by weight of the oxygen to the hydrogen ia 
water can be calculated, 

ExPT. 194. — Arrange the apparatus for the preparation of pure 
hydrogen by the action of pure bydrochlorio aoid npon zinc iree from 
As and Sb (fig. Si, p. Gfl), allowing the gas to pass through a bottle 
containing strong H^O, {fig. E4, p. 97). 

Prepare a XT-tube, (b) fig. 60, or (5) fig. 36, p. GS, as follows. Break 
up some pumice-Btone into pieces about the size of hemp-seeds, and 
nearly fill the U-tube with these ^gmenta. Glass beads will do 
equally veil. Four Butficient strong sulphuric aoid into the tube to 
cover the contents, and tlien incline the tube ao as to drain away most 
of the acid. Bemove the acid completely from the necks of the tube 
by means of a wet cloth or filter-paper, and insert tvo well-fitting per- 
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foTBted oorks. The TT-tnbs may be filled with gnnnlated calcium 
chloride, instead of with fragments wetted with E^04. This U-tohe 
IB Dsad for the purpose of drying the hydrogen gas. 

In fig. 00 a bnlb tube of hard glass (a) is shown whiob contains fire 
grams of pnce copper oxide. The oxide must have boen recently 
heated to rodness for some tame in a stream of ail and then allowed to 

Fia. 60. 



FOKMATIOH OF Watir jrom Htdroqkn and Coppeb Ozisb, 

cool. The tube is snppcrted on the ring of a retott-atand. The 
apparatus for the absorption of the water is another U-tuhe (t), pre- 
pared as above and provided with a bulb near (a), which is not shown 
in the figure. 

This bulb serves to catch the greater part of the water which is 
formed daring the experiment. The remainder of the water vapour 
is absorbed by the sulphuric acid, or CaCIg, in the other portions of the 
tube (e). 

The dotted lines show two perforated discs of asbestos-board, which 
prevent the corks from being charred, and enable the heating to be 
controlled. 

Now pass a slow current of hydrogen through the whole apparatus, 
until the air has been entirely diaplaoeii, and heat the copper oxide 
to dull redness in the stream of hydrogen until the black colour of tlie 
oxide has disappeared. 

First prove the apparatus to be oir-tigbt Then weigh the tube con- 
taining the copper oxide i weigh also the bulbed absorption U-tDbe {e} : 
and connect the parts of the apparatos together as is shown in the figuro. 

Drive over any water which has condeused in the combustion- tube 
(a), into the absorption- tube (c) by heating it with a flame. Then 
allow the apparatus to cool, anil again weigh the copper oxide tube 
and the absorption-tube (e). 

The gain in weight of the absorption- tube (c), which represents the 
amount of water formed, will bear to the loss of weight of the copper 
oxide tube, which represents the weight of oxygen in the water, the 
proportion of 9 to 8, if the expariment has been carefully performed. 

This result proves that the water contains eight-ninths its weight of 
oxygen and oue-uinth its weight of hydrogen. 
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QUALITATIVE CHEMICAL ANALYSIS. 
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PART 11. 

SECTION XI. 



ANALYTICAL OPERATIONS. 



Each student should wotk tudepeudentljr through the SeckionB on 
Chemical Analysis. 

In all anolTtical work the water used mnst be dueilled vxUer, which 
may be conveniently kept in the wash-bottle. 

Moat of the operations referred to in this Section are used solely in 
analytical work, but many ordinary annlytical operations have been 
already fnlly described and illustrated in Section V. These include 
Distillation, Solution, Eraporatiou, CiyBtblliMtlon, Ereolpltation, 
FUtratioil, and Secantation. The; will not be further described. 



180. Ignition. — Solid subatanoea are frequently heated 
strongly, or ignited, in order to study the effect of heat upon 
them. 

The following are the most important changes which may 
take place when a substance is ignited : — 

a. The substance changes colour. 

&.. Water is given off, which may be acid or alkaline in 
its reaction to teat-paper (191). 

c. The substance melts or fuses. 

d. A sublimate ia formed, which may be coloured or 
colourless. 

e. A gas is given off, probably one of those which have 
been already studied in Sections IV. to IX. 
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EzPT. 210. — Heat a little white zinc oxide in a. small 
ignition-tube. The colour will be leTnon yeUote while the 
oxide is hot, but will change to while again when it has 
cooled. These changes of colour are characteristic of zinc 
oxide. 

ExPT. 211. — Heat a small piece of ammoniiun chloride in 
a small test-tube. The ammonium chloride will pass off as 
vapour, or volatilise, and the vapour will cool in the upper 
part of the tube and form a- coating or sublimate. The sub- 
stance ia accoidingly said to be volatile. 

ElxFT. 212.— Heat a little powdered lead nitrate in an 
ignition-tube. 

The substance will crackle or decrepitate, and reddish- 
coloured gaa will be given off, which causes a glowing match 
to biirst into flame. The residual substance will change 
colour to yellow, and then to red, and will finally fuse. It 
will become yellow again as it coola, 

ExPT, 213. — Heat each of the following substancea in an 
ignition-tube, and carefully note down every change which 
occurs : — Bed lead, copper sulphate, arsenic trioiide, copper 
carbonate, and manganese oxalate. 

I8l. Heating with Fused Beagents. — A subst»ice is 
often heated with solid reagents which have been fused, in 
order to bring about chemical changes which yield, a charac- 
teristic result, 

ExPT. 214. — Fuse a little powdered sodium carbonate 
and potassium nitrate upon a piece of platinum-foil, by hold- 
ing the foil with crucible-tongs, and heating its under surface 
by the tip of the Bunsen-flame or of the blowpipe-flame. 
Now add a minute quantity of manganese dioxide, and main- 
tain the mass in a fused condition for a short time ; then 
allow it to cool. It will be bluieh-green when it has cooled. 
This colour is an indication of the presence of n 
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ExFT. 215. — Treat a little chromium eeaqnioxide in a 
similar manner, and note down the reeulta which are 
obtained. 

182. Flame B«8Ctioiia — The flame reactions described in 
par^raphe 182 to 186, differ from those which have been 
already described (180, 181), since the gases of the flame are 
allowed to take part in the change. 

In a well-formed blowpipe-flame (23) two conical portions 
are readily seen : the irmer Jlame, which is blue and 
pointed ; and around and beyond this an almost colourless 
flame, known as the outer jlame, A similar distinction can 
be observed in the Bunsen-flame. 

The inner flame is often celled the redueiiig or deoxiditing flame, 
becMue it eepsratos or redueee matab from many of their compouads, 
and in general deoxidises eubstancea. This is due to the action of the 
hot but uubumt hydrogen, carbon monoxide, and bydrocarboni which 
Me present in this part of the flame. 

The out«r Same U often called the esciditing Jlame, bacaose it 
changes metals into their oiides, and oxidisee msny other enbstancce 
by exposing them to oxjgen at a high temperature. 

The results obtained in the following processes will usually 
vary according to the part of the flame in which the sub- 
stance is heated. 

183. Fusion with Borax : the Borax-bead.— When certam 
metals or their compounds arc heated with fused borax they 
are converted into coloured borates. The colour of each of 
these bomtes is characteristic, either in itself or in the 
change which it undergoes in the outer or inner blowpipc- 

Expi. 2 1 6. — Moisten the loop of a piece of mounted plati- 
num-wire (25), and dip it into a little powdered borax. Then 
hold the loop with the adhering powder in the outer blow- 
pipe-flame until the borax is melted. If the bead thus 
formed does not fill the loop, dip the melted bead again 
into the borax, and melt the borax once more. The bead 
must be perfectly colourless and trausparent when it is cold. 
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Moiatea the clear cold botax-bead, and take up on its 
fiur^e a fea partides only of finely powdered manganese 
dioxide. Fuse these particles into the bead, by heatii^ it 
for a short time in the tip of the outer blowpipe-flame. The 
bead will appear purple or ametkyet red while it is hot, and 
this colour wiU not alter as the bead cools. 

Kow beat the bead ^ain for some time in the tip of the 
inner blowpipe-flame. It will become colourless, and will 
remain so when it is cold. . This change of colour in the 
borax-bead characterises manganese compounds. 

lu X flrat attempt this bead is often opaque, rinoe too mnch msn- 
ganese oxide has been used. If this should happen, a portjon of the 
fiued bead should be shaken off and replaced by Ireih borax, and the 
process shoold be repeated until the oolonred bead is transparent 

As soon as the experiment is Gnished, the fused bead nis; be remored 
b; giving the wire a sadden jerk : or the cold bead may be emsbed on 
a hard flat surface by ■ sharp blow with the pestle. 

Two mounted platinnm -wires should be kept with their loops 
immersed in dilute hydrochloric acid ; they may then be rapidly 
cleansed by washing them with water before they are used. 

ExPT. 217. — Heat a small quantity of each of the following 
substances in a freshly made borax-bead, and note the 
appearance of the bead after it has been heated in the 
outer and in the inner flame : — 

Chromium oxide : ferric oxide : copper sulphate. 

184. Ignitioa on Ourcoal in the Blovpipe-flame. — A 
substance is usually ignited on charcoal in order to detect 
the presence of the heavier metals. These are separated 
from the substance by the action of the inner blowpipe- 
flame and of the red-hot charcoal. Fused reagents are often 
employed to assist the separation. 

Some metals are separated in the vaporous condition, and 
the vapour bums as it leaves the charcoal; the metallic 
oxides formed by the combustion are deposited as incrueta- 
ttons on the oharcoaL The white aah which is left by the 
combustion of the charcoal must not be mistaken for such 
an incrustation. 
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Tfae compounds of many metals do not yield their metals 
under the above conditions ; but occasionally a smell, or a 
change of colour or condition, occurs which is characteristic. 
Thus the salts of sodium and potassium fuse and sink into 
the charcoal, colouring the flame with a characteristic tint. 

ExPT. 218. — Select a sound piece of wood-charcoal, which 
does not crackle when it is heated in the blowpipe-flame. 
Scoop out a small hollow near one end with a knife or with 




HEATrNO UPON CfliacOAL. 



a charcoal-borer. Place in this cavity a small quantity of 
powdered lead acetate and of sodium carbouate, and mix 
the powders ifygether in the cavity with the point of a pen- 
knifa Heat this mixture in the inner blowpipe-flame, 
allowing the flame to play over the surface of the charcoal 
(fig. 61). 

Bright globules of lead will soon be visible in the cavity ; 
and when the charcoal is removed from the flame, the sur- 
face surrounding the cavity will be found to be coloured 
with a yellow incrustation. 

One of the globules of metal should be taken ofi" the 
charcoal with the point of a penknife, and struck smartly 
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with the pestle on the bottom of the mvert«d mortar. It 
will flatten out into a cake without beii^ crushed into 
powder, showing that the metal is malleaiile and not britUe. 
Another globule should be cleanaed by roUiiig it on 
moistened filter-paper under the tip of the finger; if it is 
then transfixed on the point of a panknife-blade, it will be 
found to mark paper as a black-lead pencil does. 

Pro. 42. 



No other metallic compounds give a yellow incrustation 
and malleable globules which are soft enoi^ to mark 
paper; this test therefore serves to detect the presence of 
lead. 

EzPT. 219. — Heat each of the following substances with 
a mixture of sodium carbonate and potassium cyanide on 
charcoal, and note down the results which are obtained : — 

Tartar emetic : tin dioxide : and bismuth oxi-nitrate. 

185. Wubing uid LevigatlDn of tbe Besldne which ii I«ft on the 
Chanoal. — The metallic globules which are produced in the preceding 
ezperimenta are QBUnlly easily visibLe either with or without the aid 
of a, lens. They are also easily detached from tbe chsrcoaL 

But when the metal separates in the foTni of fine metallic paitictes 
or scales it can often only be separated and detected after the cool 
taline residue has been detached from the charcoal and crushed in 
a mortar or in a porcelain -dish with a little water, so as to diaaolve the 
olhaline salts. The particles are usilall; more readitj seen, if the water 
is stirred up and is at once qnickly decanted down the wet pestle, held 
against the edge of the vessel (fig. 02}. Tbe light particles of charcoal 
are thus poured ofi', iinspended in the saline solution, while tbe heavier 
and insoluble metallic powders are left in the veeseL If this pn»cea( 
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of Ueigation b Npeated lerenl timet, the metal nisy be entirely freed 

from aolable aabstances and from cliarcoal, and may then be fartlier 
examined by a lena or magnet or by other tests. 

EzFT. 2'itO.— Fuse a little of each of the following substances wEth 
a mixture of sodium carbonate and potassium cyanide on chnrcoal in 
the inner blowpipe-flame, and wash the residoe as ia directed aboTe, 
carefally recording the results : — 

Copper sulphate : ferrous sulphate : nickel sulphate. 

l86. Flame Coloratioiig. — When a sufBcientlj volatile 
subBtance is heated in a uou-luminous flame it emits vapour 
which often imparta a characteristio colour to the flame. 
The blowpipe-flame may be employed to obtain this colora- 
tion, but a Bunsen-flame usually answers the purpose welL 

ExPT. 221. — Hold a platinum-wire loop (25) in the inner 
blowpipe-flame ; if it is clean, it will become red-hot without 
colouring the flame. If any colour is produced, the wire 
must be wetted with strong hydrochloric acid, and then 
heated in the blowpipe-fiame until it no longer colours the 
flame. If the loop cannot be cleansed in this way, the end 
of the wire must be cut off and a fresh loop must be formed. 

Dip the clean wire loop into a httle sodium chloride solu- 
tion, and hold it in the blowpipe-flame and in the Bunsen- 
flame. Each of these flames will be coloured bright 
yellow. 

This yellow coloration ia given to the flame only by 
sodium and by its volatile compounds. If the yellow flame 
is examined throi^h a long glass prism filled with indigo- 
solution no yellow coloration will be seen. 

Remove all the sodium chloride from the platinum-wire 
loop, by heating it strongly in the tip of the blowpipe-flame 
until it ceases to impart any colour to the flame. Then dip 
the wire loop into some solution of pure potassium nitrate. 
This will impart to the flame a pale lilaa colour, which is 
characteristic of potassium and ita compounds. If this 
coloration is examined through the indigo-prism, it will 
appear crims(m. 

ExPT. 222. — Dip the wire loop into a mixture of a few 
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drops of the sodium chloride and of the potassium nitrate 
Bolutioos. When the loop is held ia the flame the sodium 
coloration only will be seen. If this coloration is then viewed 
through the indigo-prism, the crimson potassium coloration 
will be seen distinctly. By means of the indigo-prism the 
potassium coloration is therefore discoverable, even when it 
is concealed by that of sodium. 

ExPT. 223. — Heat a httle of each of the following sub- 
stances on platinum-wire in the Buneen-flame and note down 
the results which are obtained : — 

Barium chloride ; calcium chloride : copper sulphate : and 
strontium nitrate. 

187. Analytical Operations with Precipitates. — The 
operations of precipitation, filtration, and decantation have 

^been described in paragraphs 69-71. 

The further treatment which a precipitate may require 
during analysis is described below (188-I90). 

188. Washing Predpitates.— A precipitate, which lias 
been separated from the liquid in which it was suspended, 
must usually be wasTied until it is perfectly free from the 
adhering saline solution. 

The precipitate may be washed upon the filter, if it has 
been separated from the liquid by filtration. If it has been 
separated by decantation, it is usually washed by decantation. 

ExPT. 224.— Washing by Piltratioa— Mix a little 
ammonium carbonate solution with some barium chloride 
solution, and filter oS the resulting precipitete. Blow into 
the funnel containing the filter and the barium carbonate 
precipitate a fine stream of hot distilled water from the wash- 
bottle, directing the jet so as to stir up the precipitate. Fill 
the paper with water to within a short distance from its 
edge, and as soon as this water has completely run through, 
fill the filter again in the same way. Repeat the process 
tihree or four times. 
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The precipitate and filter will then usually be free from 
everything which is Boluble in water. 

Ascertain whether the washing is complete, by collecting 
the last fete drops of the washiDg-water in a clean test-tube, 
and adding to it a drop of silver nitrate Bolution. If no 
turbidity is produced, the absence of dissolved chloride is 
proved. If turbidity appears, the washing must be con- 
tinued and the washing-water must be ^;ain tested. These 
processes are repeated until no turbidity is produced. 

ExpT. 225,— Washing by Deoantatlon. — The precipitate of lead 
carbonate obtained by adding ammonium nrbonate solution to lead 
acetnte solution may lie wuabed by decaottttion. Far this purpose the 
precipitate is shaken, etirred, or boiled with hot water, and is then 
allowed toaettle. As bood aa tbe water has become clear, it is poured 
olf in the manner shown in fig. 45 (p. 74). If this washing process is 
repeated several times with fresh portions of boiling diatilled water, 
the precipitate may be entirely freed from the adhering saline solution. 
As the washing- water is poured off, it is tested occasionalljr with - 
turmeric paper, to aacertaiu when it ceases to tnia the paper brown, and 
is therefore free from sodium carbonate. As soon as this is the case the 
precipitate has besn thoroughly washed. 

It is usual to ascertain when the washing of a precipitate 
is complete by testing the washing-water for that soluble 
substance which may be most readily detected, as is seen in 
the above esamplea. 

189. Drying Precipitates. — A precipitate is dried by 
placing the funnel in a hollow tin cone fjo. 83. 

or cylinder, called a filter-dryer (fig. 63), 
This is supported either on a piece of 
iron wire^auze over a small fiame, or 
upon a heated iron plate or sand-bath. 
The funnel is thus exposed to a current 
of hot air, which rapidly dries the filter 
and precipitate. Great care must be 
taken not to char the filtei'. 

A precipitate may be more rapidly 
dried by draining it in the funnel, and 
then removing the filter and spreading it upon 
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wire-gauze. The gauze U then supported above a small 
flame from a roBe-bumer, at such a distance as to prevent 
an; risk of charring the paper. 



Tub Steam -Ovbn. 

The drying of a moist precipitate may be effected slowly 
and safely by placing it inside a st«am-oven (fig. 64). All 
risk of charring the paper is thus avoided. 

A precipitate may be partially dried by opening out the 
filter which contains it upon Beveral dry filter-papers, and 
allowing them to absorb the water. This process may pre- 
cede those already mentioned. 

19a Bemoral of Precipitates from the Filter-paper. 

I. Partial Bemoral. — A small quantity of a moist pre- 
cipitate may he most readily taken from a filter by dipping 
the end of a glass rod into it. 

A sufficient quantity of a bulky precipitate may often be 
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taken out of the filter by means of a, glass or porcelain 
Bpatula. 

2. Complete BemovaL — If the precipitate is to be re- 
moved from the filter as completely as poeaible, one of the 
following methods may be employed. 

a. A hole may be made in the bottom of the filter by 
means of a slender glass rod, which is pushed down 
through the neck of the funnel. The precipitate is then 
easily washed down into a vessel beneath by a fine 
stream of water, or other suitable liquid, from the wash- 
bottle. 

b. If it ia undesirable to add a liquid to the precipitate 
upon the filter, the filter and precipitate are allowed to drain 
for a short time, aud are then removed together from the 
funnel. The precipitate may be further drained, if necessary, 
by laying the filter on Beveral dry filter-papers. The filter 
is then spread out upon a flat piece of glass, and the precipi- 
tate is carefully scraped off with a glass rod pressed flat 
upon the paper, or with & small spatula. This method is 
usually the most imperfect, but is frequently the best for 
other reasons. 

e, A precipitate may also be removed from the filter, by 
means of the liquid with which it is to be treated or dis- 
solved, in the following manner. The funnel is supported 
over a suitable vessel. The liquid is poured into the filter 
and is quickly stirred up with the precipitate by means of a 
thin glass rod. The liquid is poured again into the filter 
if any precipitate remains, and this process is repeated until 
all the precipitate is removed. Or the bottom of the filter 
may be pushed out through the neck of the funnel by the 
glass rod, and the liquid carrying the precipitate may be 
allowed to run through. 

191. Use of Test-papers.— The two vegetable colouring 
subatanoes, litmus and tttrmerie, undei^ marked changes of 
colour when they are acted upon by certain substances. 
Slips of paper which have been stained with a solution of 
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one of these colouriDg substances are known as test-papers, 
and are easily diatinguiehed by their colour. 

ExPT. 226. — Try the effect of the following substances 
upon blue and red litmus papers, and upon yellow turmeric 
paper, thus proving the truth of the following statements. 

Hydrochloric acid.reddena blue litmus, but does not alter 
the colour of red litmus or of turmeric : hence it is said to 
pt^scss an acid reaction. 

Ammonium hydrate solution does not affect the colour of 
blue litmus, but turns red litmus blue and turmeric brown : 
it is accordingly stated to show an alkaline reaction. 

Barium chloride solution does not affect the colour of any 
one of the test-papers: its reaction is therefore termed 
neutral. 

Each of these liquids is typical of a large class of sub- 
stances in so far as its behaviour with these test-papers is 



ExPT. 227, — Add solution of ammonium hydrate, drop by 
drop and with constant stirring, to a little dilute hydrochloric 
acid, touching the wet end of the stirring-rod occasionally 
against pieces of blue and red litmus paper. By proceed- 
ing cautiously, a point may be reached at which the liquid 
does not affect the colour of either the blue or the red 
paper : the acid is then said to have been neutralised. 

When another drop of ammonium hydrate is added, the 
liquid will acquire an alkaline reaction : the alkaline solu- 
tion is then said to have been added in excess. 

Conversely, an alkaline solution may be neutralised with 
an acid, and may be acidified or mixed with add in excess. 

The process of neutralising a liquid is most readily com- 
pleted by the addition of very dilute acid or alkaline solution 
towards the end of the process. The addition of acid or of 
alkali in excess is thus more easily avoided. 
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SEOTIOK XII. 



ANALYTIOAL BBAOTIONS. 



iHTBODUCTOEy EeHARKS ON AnALITIOAL CLAaSIFlCATlON. 

The Analytical Groups of the metals are tabulated in the 
next paragraph. 

The acid-radicles are grouped in a similar way as far as 



200. Analytical ClassiScatioa — The systematic name of 
an inorganic chemical compound usually consists of the 
name of the metal or hydrogen which it contains, asso- 
ciated with the name of the element or radicle with whiohr. 
the metal or hydrogen is combined. Thus in thrceseof the 
salt sodium sulphate, the name of the metal sodium is asso- 
ciated with that of the svlphate acid-radicle. The latter 
portion of the name, in fact, usually denotes an acid-radicle, 
but occaBionally hydroxyl or oxygen or some other element. 

The hydrogen salts of acid-radicles are called adds. Thus 
the acid-radicles CI, SO^, FO^ form the hydrogen salts 
or acids, UCi, H^SO,, HgPO,, and the metallic salts KCl, 
MgSOj, Na^PO^. Some of these acid-radicles are elements, 
but most of them are compound radicles. 

The above diTiaion of the name of a chemical compound 
generally corresponds to the portions of the compound sub- 
stance which are separately detected during its anal^is. 
For analytical purposes substances are accordingly classed 
as Mdals and Aaid^radidBs. 



'Sl^ 
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201. AnalytiGal BeactionB and Seagents. — The usual 
object of qualitative analysis ia to discover what element, 
elements, or sometimes what compound radicles a substance 
of unknown composition contains. Occasionally, however, 
the object is limited to ascertaining whether any particular 
element or radicle is present in a given substance. 

For ordinary analytical purposes certain marked peculiari- 
ties of behaviour of each element or radicle under special 
conditions are selected, and by these tests or reactions its 
presence is detected. 

The tests or reactions usually depend upon the changes 
which a substance undergoes when it is heated under various 
conditions, or when it is mixed with certain liquid or solid 
substances. 

Such substances, added to produce any analytical test or 
reaction, are called reagents. Some reagenta serve for detect- 
ing one element or compound only, and are therefore called 
special reagents ; others separate or detect a group of elements 
or compounds, and are called group reagents or general 
reagents. 

202. Analytical Groups of Metals.— The metals are 
separated into five principal Groups by their different be- 
haviour with certain general reagents. Two of these Groups 
are further subdivided into two Subgroups. Each Group 
receives a distinctive name either from its place in the system, 
or from some conspicuous or important member of the Group, 
or from the general reagent which is used to precipitate the 
Group. Thus we speak indifferently of the Fourth Group, 
the Barium Group, or the Ammonium Carbonate Group. 
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CLASSIFICATION OF MBTAI£. 



203. ANALYTICAL CLAS8IPICATION OF THK MbTALS. 
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BNTET OP ANALYTICAL EBACTIONS. [204, 208, 



TRriNO AND ENTERINa THE ANALYTICAL RSACTIONB. 

204. In order to become fully acquainted with the be- 
haviour of different substances with reagentg, and thus to 
be able to detect them by their reactions, each of theee 
reactions should be tried with the substance itaelf or witli 
one of its compounds. 

The appearances which are presented during each of these 
reactions or tests are carefully observed. The substance will 
then be easily rect^ised in a body of unknown compo^tion 
by means of the test. 

As soon as a reaction has been satisfactorily performed, it 
should be briefly described in the Ifote-book in a neat and 
concise manner. 

The order of the metal groups is reversed in trying 
through the reactions, because the reactions for the later 
groups are more simple than those for the earlier ones. 

After the reactions of each group of metals have been tried 
the student should proceed to make a few analyses of sub- 
stances containing one metal of that group only, and then of 
substances containing two or more metals of the group. 
Directions for making these analyses will be found at the 
end of the reactions for each group. 

205. Abbreviations.— For convenience in hasty writing, 
it is usual to employ abbreviated formulee for the compound 
radicles. These abbreviations are especially convenient for 
formulce which are constantly used and for those which are 
of unusual complexity. They are only employed in the test 
when they save the use of brackets or of numbers, as when 
(Nll^)j is written Am^, 

The following abbreviations will be used ; — 
Am for (NHj), the metallic-radicle ammonium. 
T „ (CjH^Og), the acid-radicle of tartrates. 
A „ (CjHjOj), the acid-radicle of acetates. 
Cj/ „ (CN), the acid-radicle of cyanides. 
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The fonnulsB Al^Cl^, ¥e^C\^, Cr^Clg, M^Bfi^ FejHaOg, 
wid Cr^HaOfl are now frequently written AIClj, FeCl,, CrClj, 
AlHjOj, FeHjOj, and CrHjOj. Since these smaller formula) 
are supported by theoretical considerations, and cannot be 
looked upon as merely aimpUlications, they are uaed in this 

The following contracted words are also used :-^ 



eajpt for eiperiment. 


in$a. 


for 


insoluble. 




mP. 




solution. 




erysF". 




crystalline 


jy. „ precipitotod. 


eof. 


„ 


coloration 


got „ Bolabla. 









206. Entry of Analytical B«actionB in the Note-book. — 

The following example, selected from paragraphs 210-213, 
will serve as a specimen of the brief entry of reactions in 
the note-book. The formula of a precipitate may be dis- 
tinguished in the equations by being overlined. 

Potassium (K),— Used KCL 
210. PtOl^: stirred on watoh.glasar yellow cryst™ pp., sol. in much 

water and in KHO, idboI. in alcohol : 2KC1 + PtClj- KaPtClg. 
■211, NaST : well shaken in a test-tube ; white cr ysf" pp., sol. in 

water, in KHO, and in HCl : KCl-HNaHT-KHf+NaCL 

212. Flame eal\ : pale lilac, crimson through the indigo-prism. 

213. Heated in tu}>e or on plaiinum /oil ; solid KGl melted, bnt gaTe 

no fnniee : hence it is not volatile. 



Gbnbral Rules fob Wokkinq. 

207- The student should attend carefully to the following 

precautions. They will materially aid the pn^resa and 

accuracy of his work. If they are observed from the com- 

menoement, they will not be felt irksome. 

1. Before commencing work, look through the ret^nt- 
bottles belonging to the working-bench. Replaee any which 
are absent, and ace that the bottles are arranged in a con- 
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venient order. Then proceed to fill thoae which are empty, 
and to re-label any with imperfect or loose labels. 

2. Arrange the requisite apparatus on the back part of 
the bench, so as to leave the front part free to work upon. 

3. Then cleanse all soiled glass and porcelain which is not in 
use. This ought, however, to be unnecessary, since apparatus 
should never be put away dirty. 

4. Every liquid reagent must be perfectly clear. Filter 
it, if it is not quite clear af[«r it has been shaken. 

Then take the reagent-bottle in the right hand, and 
remove the stopper by grasping it between the fourth finger 
and the palm of the left hand ; hold the stopper in this 
way while the bottle ia being used, and then replace it 
immediately. 

Pour the reagent out of the side of the bottle opposite to 
that which bears the label, and prevent the last drop from 
running down the outeide by touching the lip of the bottle 
either with the stopper or against the clean edge of the 
vessel. 

Take a solid reagent out of the bottle on a clean knife- 
blade or spatula, or with a slip of clean card-board or 

Be-vtopper euih bottle and replace it on the shelf In iti ivoper 
plaoe, with tiie label ontwuds, immediately after It hu twan used. 
Bottle* mtut never be left standing on the working-bench. 

6. If a solution or precipitate has to be put by for Bome 
time, always label it in such a way as to recall to mind what 
the solution or precipitate consists of. Never tnut to metnorj 
Jn thii nutter. 

6. Do not use brass crucible-tongs for holding hot 
evaporatii^-basiuB containing acids, as some of the brass 
is apt to be dissolved and introduced into the solution. 
Move a hot disb either by holding it with a cloth, or by 
lifting the stand upon which the dish is placed. 

sic 
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7. LJqnida only are to be poured down the einks. All 
•oUd refuse, such as soiled filters, broken glass, and pieces 
of charcoal, should be thrown into a special receptacle placed 
in an accessible position. 

8. When a substance is being examined in order to find 
out its composition, write down in the note-book each teet or 
process, with the result obtained, ai loou u It ii oom^etad. 
NeTet leare the entry of the teanlts until tlie uialmls ia 
completed. 

This rule cannot be too strongly enforced, as neglect of it 
always causes uncertainty and confusion. The moat con- 
venient form of entry is that of the Analytical Tables. 

9. Ojeaulinew and neatneu cannot be too carefully 
attended to. More confusion and error may be caused by 
using dirty test-tubes, beakers, diahes, and funnels than 
would be thought possible by the beginner. Work should 
also be rendered ae ■yitem&tio as possible, in order to 
economise time and thought. 



2o8- The foUoving Directi(mB fm Trying the Analytical 
BeactioiiB should be attended to : — 

1. Always use a solution of the substance, the reactions of 
which are to be tried, unless it is specially stated that the 
eolid is required. This solution is often called the '(Mginal 
Solntion.' 

2. Take about twenty cubic centimetres of the solution 
in a test-tube or small beaker. If the solid substance 
is also required, take some of it upon a watch-glass and 
reduce it to a fine powder. 

3. Pour a little of the solution iuto a perfectly clean 
test-tube and add a few drops of the reagent to it. More 
of the reagent may be gradually added afterwards, if 
necessary. 

In trying each of the reactions a separate portion of the 
original solution is to be taken. 



til-' 



l6^ TBYING tHE ANALVTICAL BEACTIONS. [208, 

4. Before tiding a reaction, read carefully through the 
whale of the dewription of the results to be obtained, and 
never pass on without being satisSed that the statements of 
the book are true, and that the test could be repeated 
successfully. 

5. The water which ia used for the tests and reactions 
must always be distilled water. The adds are to be used in 
a dilute coudition, unless it is stated that the strong acid is 
to be employed. If no special statement to the contrary 
is found, a reagent is to be used in solution. In all cases 
KHO and NaHO may be used indifferently the one for the 
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BEACTIONS FOR THE METALS. 



Beactious which are ]»iiitsd in BmBll type Deed not be tried if lime is 
limited, bnt they should be carefully read through. 

For the convenience of beginnera who are uot fom 1 w th 
chemical formaW, the cheinical namo as wall as the ch m Lai f nnula 
of eveiy aubatance is given when it is first ment ned Furth 
osaiatance will be afforded to the beginner i( each label d tl 
1aboratoi7 carries both the name and the formula of th nb tan 
which it denotes. 

A list of chemical names with tbeir correspondiag formalce is also 
printed at the and of the book (B48). 



GROUP v.— THE POTASSIUM GROUP. 

209- This Group iiicludea K, NH^ Na, Mg. The first 
three metals belong to the group of the aikali metals. 

I The members of this Oroup are not precipitated by any Group- 
reagent. 

Potassium (K). — Use Potassium chloride, KCl. 

2ia Platmnm Chloride (PtOlj), if it is added to some 
KCl solution on a watch-glass and stirred genti; but per- 
sistently with a glass rod, gives a yellow crystalline precipi- 
tate (K^PtCl^, which forms first along the lines where the 
rod has rubbed the glass. 

Stir up the precipitate, and pour off the liquid with the 
precipitate into three test-tubes. To oue part add mucli 
distilled water and heat, the precipitate will dissolve. To 
another part add alcohol, the precipitate will not dissolve. 
Hence this precipitate is soluble in water, and insoluble in 
alcohol. Warm the third portion with solution of potassium 
hydrate (KHO), and show that the precipitate is soluble in 
that hquid. 

Since this precipitate is soluble in caustic alkah, a liquid to 
which the test has to be applied should always be made 
neutral or faintly acid (Expt. 227, p. 154) by the addition 
of dilute hydrochloric acid (HCl) before PtCl, is added to it. 
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Since the precipitate is less soluble in alcohol than in 
water, the addition of alcohol hastens the formation of the 
precipitate in dilute solutions. 

A very dilute solution must be evaporated nearly to dry- 
ness and cooled before the test is applied. 

311. Sodium hydiogen tartrate (TfaHT], if it ia added toamnBof 
the KGl aolation in a tsat-tnbe, givn a whits crystalline precipitate 
(EHT). The precipitate nanally appears onlf when the mouth of the 
teiC'tube in closed with the thumb and the tube is well BhakeD for some 

Shake up the precipitate and pour it oS with the liquid into four 
test-tubes. Add to three different portions, water, EHO, and hydio> 
chloric acid (HCI) respectively ; the precipitate will disaolve when it 
ia shaken or wanned with each of these liquids. To the fonrth portion 
add alcohol ; the precipitate will not dissolve. These experiments 
indicate the condiUans which promote or prevent precipitation, as is 
explained in the preceding pitragraph. 

212. Flame Coloration {i86).— Dip a loop of platinum- . 
wire, whiuh gives no colour to the flauic, into some strong 
KCl soliition ; or moisten the wire and dip it into some 
flnety powdered KCl. Then bold the loop in the Bunsen- 
flame. A pale lilac coloration will be seen if the KCl is 
pure. But whatever colour is produced, tbe flame will always 
appear deep crimBOD red through the thicker parts of an 
indigo-prism. 

213. Heat a little Solid KCl in a small dry test-tube ; or powder it 
finely and heat it on a piece of platinum-foi]. The ECl will melt, but 
it will not pass off as vaponr. 



Ahmomum (XH4). — Use Ammonium chloride, 

NH.Cl (or AmCl). 

214. KHO, it it is poured upon some NH^Cl cither in 

solution or in the solid state, and heated, causes ammonia 

gaa to be evolved, 

NH,CI+KH0 = NH.fKCI+H20. 
The ammonia gas is recognised : — 
a. By its puugent smell, which is that of 
' smelliug-salt«.' 
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b. By turning moistened turmeric-paper brown. The teat- 
paper must be wetted with distilled water, placed upon the 
end of a glass rod, and held in the test-tube, great care being 
taken not to bring it into contact with the liquid, or with the 
ades of the tube. 

31$. Ptd„ wheu it ia sliired on a natch-glsss with some AmCl 
Bolutioo, gives s jellowcryttalliDe precipitate (ATn,PtC1«). This pre- 
cipitate is aolnble in water and id EHO, btit ia inaoluble in 
alcohol (210). 

216. NaHT, when it is shaken for aome time in a teet-tabe with 
AmCl tolntion, gives a white ctjstalline precipitate (AmHT). Thia 
precipitate ia soluble in water, in KHO, and in HCl, bat is insoluble in 
alcohol (3 1 1). 

217, Flame Coloi^tiou. — Pnre AnCl gives no flame coloration. Bat 
ammoniuTn salts almost invariably impart a jeliow coloar to the flame, 
since the; uanally contain a trace of sodiam (219). 

218. Heat a little Solid AmCl in a dry tesUube. The 
solid will be completely volatilised, and will be condensed 
as a white coating or eubliTnate on the upper part of the 



Sodium (Na), — Use Sodium chloride, NaCl. 

219. FUme Coloration. — XaCl gives an intense yellow 
colour to the flame. The colour is either invisible, or appears 
only pale blue, when it ia viewed through the indigo-prism, 
and never shows the slightest tinge of red when it is 
seen through the thicker parts of the prism. 

The yellow coloration which it imparts to the flame is the 
most delicate and trustworthy, and often the only possible, 
test for sodium. 

If both potassium and sodium are present, the yellow 
coloration of sodium is visible, but the potassium coloration 
is usually unseen. When the flame is examined through 
the indigo-prism, however, the crimson coloration due to 
potassium is at once seen. Prove tliis by mixing some 
solutions of KCl and KaCl and examining the flame colora- 
tion, which is given by this liquid, both with and without 
the indigo-prisou 
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an. H«ftt ft Uttle SoUd StOl in a dry test-tube or on platinaiii-fo3. 
It will melt withoQt prodaoing white ftmieB, showing tliat NaCl is 
not volatile at a red best 



Maonesiuu (Mg). — Use HagDesium sulphate, MgSO^.THjO, 
The 7H/} represents the waUr of <Tyitalli3ation (68), which is 
always present iu the solid state in the crystaUised salt. Water of 
crystallisation is entered in this way throu|;hoat the book. 

221. Sodiom hydrogen phosphate (Na^HP 0,), added after 
AmCl and ammonium hydrate (AmHO), gives a white 
crystalline precipitate {MgAmPOj,6H20), 
MgSO^ + AmHO +Na2HP0^ = MgAmPO, + Na2S0,+ HjO. 

If the solution is very dilute, the precipitate usually forms 
only after some time, but its formation is hastened if the 
liquid is wanned and is then well stirred or shaken. The 
precipitate is soluble in HGl and in other acids, but is 
insoluble in AmHO. 



233. Ammoninm hydrate <AmHO) gives a white precipitate 
(UgHjO,} ; bat if AmCl is added before the AmHO, no precipitate is 
prodnced. 

224. Amffloninin oarbonate (Ain,00j) only gives a white precipitate 
(llgCOj) in strong solutions snd after standing for some tiine. 
AmCl preventi the formatioD of this precipitate. 

325. Plame Ooloratlaa. — Pnre MgSOi gives no colour to the flame. 

226. Blowpipe-test.— If a little solid ngSOj-ZHjO is placed in a 
small cavit; on a piece of wood-charcoal, and is then heated in the tip 
of the outer blowpipe-flame (184}, it shines brightly and gives a white 
uumelted mass of MgO. If this white miass is allowed to cool, and is 
moistened with several drops of cobalt nibate solution, and is then 
again heated to whiteness for some time in the outer blowpipe- flame, 
it asBomes a delieaU pink colouT. This colour is very pole, and is 
moat easily seen when the solid mass is placed apon white paper or 

Dbtection of Mbtalb ih QBOtrp V. 
227- After the student has carefully worked_ through the 
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reactiona for the metals in the Fifth Group, he shoiJd pro- 
ceed to apply the experience which he has acquired to the 
detection of the metals belonging to this Group. 

For this purpoee several unknown salts and mirtures of 
salts of these metals should be succeaslvely supplied to him, 
and he should proceed to aubject separate portions of the 
liquid, or of the solution of the solid in a little water, to the 
testa given in the following Table (229). 

228. Explanation of the Table. — A glance at this Table 
will show that teats have been selected which serve to dis- 
tinguish the metals of this Group when they are present 
either singly or several t<^ether. The order in which these 
teats are placed will also be seen to be that which moat 
readily eiFecta this object. 

When more than one metal of the Fifth Group is present 
in the substance to be examined, the possibility of interfer- 
ence in the reactions arises. It should be remembered, how- 
ever, that^ 

1. Mg ia iodicBted nith certainty by its predpiution by ITa^HPOf 
in the presence of AinGl and AmHO, and by its preoipitation by KHO 
solution. 

2. Na can always be fonod by its yellow flame colontion ; and K 
may always be found by a crimaan flame coloration being seen through 
the indigo-prism. 

3. NH^ may always be detected by the evolution of NHa when the 
substance is boiled with EHO solution. 

i. The test for E by means of FtOI^ or KaHT is only conclusive in 
the absence of NH,. If Nfli is present, therefore, its salts must bo 
removed by ignition before E can be tested for by precipitation. 

These statements will serve to explain the correspondingly 
numbered testa in the Table. 

It will generally loe unnecessary to try the somewhat com- 
plicated confirmatory test (IV) for K, since K may be 
detected with certainty by its flame coloration. 

In future tables the bracketed paragraphs, which concern 
the absence of the metals, will be omitted, but the student 
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should invariably enter his negative results, and the infer- 
ences which he draws from them. 

Sodium is rarely entirely absent from any substance. The 
quantity of this metal which is pFesent may be judged from 
the intensity of the flame coloration. Unless the colour is 
intense, only a trace of sodium may be inferred to be pre- 
sent. 

An example of the form of entry of the results of an 
analysis is given in paragraph 230. 

229. Table for testing fob Mg, K, Na, NH^, in a 

BOLVTION WHICH HAT CONTAIN ALL OP THEU. 





^ Ob«rv.t.o„. 


Inlerenoe. 


I. AiHoi-VBtt/vitot 
as aolutlpn Amd, (tien 
AniHO and NsjBPOj, 
Bhftke well and allow 
to itandUno precipitate 
»ppw«.tonce. 


,.^^„-w^ ^ 


PreMDCBOtMg. 

[AbMnceorMg.J 


the »lDtiaD, Uld bold It 
Biunloe the Same 


1. A yellow mune colore 
Hon. 

S. A pale violet name, 
■ppeuini orimKin red 


Preaenee olN»,po«(bly 

also of E. 
Presence oIK. 

PreHDce ot S and ab- 
[AbieDceolEandNa.] 


m. BoltKinMtNttbsialn- 

tlonlniUiMnbewltli 
KHOMloUoit. Mdtry 
wbathor NHs li given 

meriop«per. 


[8.NoNH,liin.elt,»nd 

not become iSS™.) 


PreaeneeofNH^ 
[Al«n»o(NH4.1 


Eipt. IIL haa ihown that NH, ii pruent. proceed to teat tor E by calunin 
A (psge 189) r II yn, i, abMnt. tea. for K l.y oolnmn B. 
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IN THI FIFTH GBOUP. 



to dryneu in a porcelAin-dlah ; Acrape 
Dot tha white substance left in tils dish 
uid best it strong); on s piece of platl- 
num-toll u lone aa any wtilte ftunei are 
s«m to bs elTen off when the foil li 
taken out of tlw flame lor an inatant. 
Place tb* toU wIkd cold fa a tesMube, 
and bi^ it with verg little waUr, to 
wlilcb a drop at dilDU HCI bai been 
added, and evaporate down to Hveral 
drops ; cool the liquid, and poor it out 
upon a watcb^Uia, odd a little PtCU, 



Panr a little of the lolutiaii npoo a 
watch-glau add PtCU and stir veil : ■ 
fellow precipitate : — Pretfnoe f^ K, 

If no precipitate fonni, K may nevw- 
thelen be present, because the Mlotlon 
is too dllutB to alknr Uw preolpttate to 
fanu! therefore poor some of iImboIq- 
tJoa into a poreelaiu-diili, l>oll down 
nearlT to dmiMa, oool and teit this 
liquid bT lOrrii^ it with PtCl, on a 
— •-h-claw, addingaloohol U the preci- 
, — J does not appear at once; a yellow 
precipitate \~Prtttnee (/ K. 



33a Example of Entry. — As each test is made, the result 
which it yields should be carefully observed; a descrip- 
tion of the experiment, followed by the obserratiou and the 
inference, should be at once carefully written dowu in the 
note-book. 

llie following example will serve to illustrate the method 
of entering the resulte of an analysis. 

A solid wUt« substance was given to be tested for the Ketals in 

Qronp T. 

Tho'SDbitance was dissolved \>j wanning it witb a little water. 



Tert. 


Obserration. 




''■"S,-*™ 




AbMDoeofJiIg. 


•olntlaa and Ikeld it 
Id (lie flame. 


Tlie flame appeared 
crfmson throuch the 
Indlg^.pri.m.'*' 


Presencooflfa. 
Presence of K. 


3. BoUed the aolotlon 

with KHO solution. 


No smell o( NH5. 


Abwnoe of NHt. 


4. Stirred with PtClj. 


YeUowpreclpiUte. 


Presenoe of £ ton- 


Fm^NaandK. 
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GROUP IV.— BARIUM GROUP. 
231. This Group includes Ba, Sr, Ca. 

These metala differ from thow of Qronp V. bj being precipit&ted oa 
catboDRteB by animoiiiuiD carbonitte (A1113CO3), and as oxalates by am- 
monium oxalate (Am^O,), in the praaence of ammonium chloride 
(AmCI). They are oot precipitated by any other Oroup-ieagent. The 
carbonates are soluble in boiling aoInUon of AniCI. 



Barium (Ba).— Use Barium chloride, BaClj.2HjO. 

232. Ammonium carbonate (Am^CO,), added after ammo- 
nium chloride (AmCl), produces a white precipitate (BaCOj), 
which is soluble in acetic acid (UA). 

233. Caldnm sulphate (CaSO^), or Sulphuric acid (E^SO^, 
causes a heavy white precipitate (BaSOJ, which is insoluble 
in hydrochloric acid (HCl) even on boiling. 

234. Potassium chromate (E20r04), added after some 
acetic acid (HA), produces a yellow precipitate (BaCrO,), 
which is soluble in warm HCl, but differs from SrCrO^ by 
being insoluble in warm HA, 

235. Flame Coloration : yetlowish-green, visible through 
the indigo-prism. 



STitONTnjM (Sr).— Use Strontium nitrate, Sr{NOj)j,4HjO. 

236. Am^GOg, added after some AmG, gives a white pre- 
cipitate, strontium carbonate (SrCOg), which is soluble in 



237. CaSOj, or H^SO^, gives a white precipitate (SrSOJ. 
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This precipitate does not usually form in a cold solution at 
once, but only after some time. The precipitate, however, 
appears at once when the liquid is boHed. 



239. Flame Goluutiim: crimson-red, appearing intense 

red through the indigo-prism. 



Calcium (Ca), — Use Calcium chloride, CaCljj.6H^0. 

240. Am^COg added after AmCl : white precipitate 
(CaCOg), soluble in HA. 

241. CaSO^ : no precipitate, even when the liquid is 
allowed to stand, or ia boiled. 

242. HgSO^ : a white precipitate (CaS04) forms at once in 
Strong solutions, and often in weak solutions when they are 
boiled; but some CaSO, always remains in solution, since it 
is not quite insoluble in water. 

Prove this by adding more HjSOj until its addition pro- 
duces no further precipitate. Then boil the liquid contain- 
ing the precipitate, and filter it. Add AmHO in excess 
(191) to the clear filtrate, and a little Am^C^O,; a white 
precipitate (CaC^O^) will form, showing the presence of Ca, 
which must have been dissolved as CaSO^. 

343, E^CtO^ gires no precipitate, 

244, Ammonium oxalate (Am^C^O^) : white precipitate 
(CaCgO,), soluble in moat acids, but insoluble in HA. 
A umilar precipitate is prodnced by AmjCjO^ in aolutiona of barinm 
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245. Flame Coloiatioii : yellowish-red. When this color- 
ation IB viewed through the indigo-prism, it does rtot appear 
ted, and difiers in this respect froni that given by Sr. 



Detection and Sbpabation of Metals in Gbodp IV. 

246. The Following Differences in the reactiona of ealta 
of Ba, Sr, and Ca are made use of in drawing up the Table 
in paragraph &17. 

1. The diflr«reDce in the flame colorations yielded by tbe^e metals, 
whioli ire eiamined if necessary tbrongh the indigo-prism. 

2. The difference in the behaviour of their solutioDB with CaSO^ 
■olntioD, which at once indic«les the presence or abseoce of Ba, or of 
Sr in the absence of Bs. 

S. The insolubility of BaCcO^ and solobility of SrCrO^ aod CaCrO^ 
in EA, and hence the possibility of separating Ba, if it is present, by 
adding HA and then KjCrO^. 

4. The complete precipitation of Sr, if it ia present, by boiling the 
eolation with H,SO| ; sufficient CoSO, still renmining in solution ta 
)cive a precipitate of CaCgOj on the addition of AmgCgOj to the filtrate, 
after it has been made alkaline with AmHO. 

247. A Solution which has to be examined for Ba, Sr, 
and Ca is first made alkaline by the addition of AmHO. 

Am^COg is then added in excess (see Note l>elow). 

The precipitate, which contains all. the metals of Group 
IV. originally present ia the solution, ia then examined by 
Table IV. (517). 

Note. — The addition of the reagent ia continued ai long as it 
causes any farther precipitate, after the liquid has been stirred well 
and allowed to aettle. The liquid ia then filtered. A little more 
AnijCO, is added to the clear filtrate, and' if this causes any farther 
precipitate more Ani2C0, is added, and Uie liquid is again poured 
tlirough the some filter. This process is repeated until the clear 
filtrate gives no precipitate with AmjCOj. 
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GROUP III.A.— IRON GROUP. 
248. This Group includea AI, Fe, Cr. 

The membori of this Gronp differ from those of Groups tll.B, IV., 
■ud T. by being precipitated by AmHO added after AmCI. They are 
not precipitated, however, by the Group-reagenls for Groups II. and I. 

This Gronp is alio pi'ecipitated by ammonium snlphida (AmjS], and 
by hydrogen sulphide (H^S) when it is lidded in excess to the alkaline 
solutiou. 



Alumi^'ium (A1). — Uae Ammonium alum, 
AIAm(SOj2.12H20. 

249. Ammonimn hydrate (AmHO) : white flocculent pre- 
cipitate (AlHgOg),* soluble in hydrochloric acid (HCl) and 
in acetic acid (HA), and slightly soluble in AmHO in the 
absence of ammonium chloride (AmOl) : — 

AUm(SO^)^ + 3AmH0 = AlHjOj + 2 AmjaO^. 

25a PotaBsimn l^drate (KHO), added in very small 
quantity: white flocculent precipitate (AIHgOg), soluble in 
excess of KHO. 

If to a part of the solution in KHO, HCl is added gradually 
until the liquid is neutral, AIHgO^ is reprecipitated. If more 
acid is added the precipitate dissolves, but it reappears when 
AmHO is added in slight excess. 

From another portion of the sohition in KHO the AlHjO^ 
may bo reprecipitated by the addition of suflicient AmCl 
solution. 

251. Ammonium sulphide (Am^S) yields the same pre- 
cipitate (AlHjOj), HjS gas being either evolved or remaining 
dissolved in the liquid : — 
2AlAm{SO,)5 + aAm^S + 6HaO= 2AIH3OS + 4Am^0i + 3H^S 

* This formula in sometimes written AlgHgO^, 
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252. Blowpipe-test.— Heat some solid AlAm(SO^)2.12H20 
on charcoal in the outer blowpipe-flame; then moisten, it, 
after cooling, with Co(KOg)g solution and again heat it in 
the outer flame; a,jine blue mass will be obtained. 



Iron (Fe). — Use Ferric chloride (FeClj), and Ferrous 
sulphate (FeSOj.THaO). 

Use Fed, and FeSO^ aolutiaua for 254, 255, 256, and 259, and solid 
FeSO,.7HjO for 257 and 258. Prepare FeSOj solution by crushing a 
crystal of the solid substance and shaking it with cold water in a teat- 
tube juat before the solution is nsed. 

253. Two classes of iron-compounds are known which differ in 
appearance and properties and behave differently with reagenta. 
They are known as ferrous and ferric compounds respectively. Ferric 
Halts Me usually yellow or reddish -yellow. FeiroUH salts are usually 
pale green if they are in solution, or are combined with water (hy- 
drated), and white if they are peiTeotly free from water {anbTdroDs). 

Ferroua componnds are readily converted into ferric compounds by 
boiling them for a short time with a little strong HNOj, or with HCI 
auda crystal of EClOs. 

Both classes of iroa-compouuds give the same results in the blowpips 
reactions (257, 258). Differences are noticeable, however, in their other 
reactions. 

254. AmHO, or KHO : with ferric nM, a reddish-brown 
flocculent precipitate (FeHjOj), insoluble in excess, soluble 
in HCI : with ferrous salt, a dingy-green precipitate, which 
turns brown by oxidation when it is exposed to the air. 

255. AmjS : a black precipitate (FeS), which is mixed w ith white 
anlphur in the case ot ferric soli :— EFeOlj + ZAm^ = 2FaS + a + flAmCL 
FeS is soluble in boiling acids, bnt insolable in KHO. 

In a very dilute iron-solution a green colonr only is produced at 
first by Am^, bnt black FeS separates after the liquid has stood for 



256. Hydrogen inlphide (E^), passed as gas into the solution, or 
added as H,S-water : black precipitate (FeS) in alkaline solntions. 
In neutral or acid solution ol ferric tail, sulphur is precipitated and 
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tlie ferric lalC is changed into a fettoiu ttlt ; the coloar of the solution 
therefore changes from jelloir to pale green, as is seen when the 
strong solution has been boiled and filtered :— 2FeCI, + H^ = 2FeCI,+ 
2HCl+S. 

257. Heating with Fused Sodium carbonate {Ha^COj) and Potas- 
Biam Cfiuiide (ECy) on Charcoal in the inner bloivpipe- flame sepajrates 
B tg'ey magnetic powder (184) from a solid iron-componnd. The residue 
on the charcoal is nashed by levigation (185), and the metallic powder 
is then shown to be attracted when it is touched under water with 
the point of a magnetised knife-blade. 

258. A Borax-bead (183) containiug Fe is reddish-brown 
while hot, and yellow when cold, after it has been fused in 
the outer blowpipe-flame : after it has been fused in the 

. inner flame it is olive green. 

Z59. Distinctive testa for Ferrons and Ferric salts. — For these 
tcBia several drops of dilute HCl should be first added to the iron solu- 
tioD. Ferrous aolutious usually contain some ferric salt. 



<U>e FeBOj solnUou. 



added hi anuJl 
quantity:. 



■■Ida (KsFeCjf) : 

. TatBadnm anlpha- 

sjuUa (XCyS): 



KBO. 

JTo prteipHalt: the saint 
Bbntd-rtd aJoratitm. 
Rtddith-broim precipitate. 



L^ht^bive precipi' 



DarlibCue predpilali 
"FurnbiilrablDa.' 

Jf ird eoIoroKm, 



^ngy-gre 



CnnOMlUM (Cr).— Use Chrome alum, CrK(SOj2.13H20. 

Ghromio salts are usually bluish-green or violet in colour. 

260. AmHO: pale bluish-green or purple precipitate 
(CrHjO,). 
If AmHO ia added in large quantity and the liquid is 
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heated, some of the precipitate disaolvee, producing a beauti- 
ful violet-red solution. The colour of the liqviid ib best 
Been after the precipitate has been removed by filtration. 
CrHjOj iB precipitated from this liquid when it is boiled for 
several minutes in a porcelain-dish. . 

a6i. EHO, if it ia added id small quantit;, gives the wine precipj- 
UC« (CrH,0,). If more aiM EHO is added, Ihe precipitate U eatirely 
diasolved to B green flnid. When this liquid is diluted with water 
and is bailed for several minntfa, CrH^Oj is reprecipitated. This may 
aba be effected by adding AniCI. 

36a. Am^ also precipitates CrH^Oj, H^ gaa being given oil or 
Temaining diaeolved, as in the reaction in paragraph 261. 

263. When a Scdid substance contaimug Cr is heated 
with fosed Ha^COg and potasgiiim nitrate (KSO^) on 
platinum-foil it yields a yellow mass, containing yellow 
NajCrO,, and if this is dissolved in boiling water a yellow 
solution is obtained. If the solution is acidified with acetic 
acid (HA) and boiled for a few minutes to drive off carbon 
dioxide (COj), and is then mixed with lead acetate (FbAj) 
solution, a yellow precipitate (PbCrO^) is obtained. 

264. A Borax-bead containing Cr is green after it has 
been fused in the outer or the inner blowpipe-flame. 



Detection and Sepabation op Mbtals in Group III. a. 

265. The following Differences and Tests are made use of 
in drawing out the Table in paragraph 514. 

1. The solubility of AIH3O3 in boiling EHO, in which FeHaO^ and 
CrHjO, are insoluble. 

! The conversion of CrHiO,, wben it is heated with fused NbiCOj 

and KNO„ into soluble NajCtO^ : FsHjO, when thus treated remainug 
aa feiOj, which ia iuaoluble in water. 

3. Tbe detection of Cr by the yellow colour of the solution of the 
Ka^rOi (2) in water, and by tbs formation of a yellow precipitate 
when the solutioQ is acidified with HA and FbA, is added. 
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4. Hie datectiou of Fe by dissolving the Fe,0, (2) in HCt, uid 
obtuning a blood-red ooloratioii whan EQyS is added to the ulatioii. 

266. A Solnti(m which may contaia Al, Fe, and Cr is 

examined in the following manner. 

I. A small part of the solution 1b acidified with HCl. 
A little E4FeCy^ is added to a few drops of this acidified 
solution. If no blue precipitate forma, Fe is absent. If a 
blue precipitate is produced, Fc is present, and the follow- 
ing further teats for ferrous and ferric iron must be made. 

Another portion of the acidified solution is tested with 
freshly-made EgFeCy^ solution, a. dark-blue precipitate 
shows the presence of Fe" (ferrous salt). 

A third portion of the solution is tested with ECyS, which 
may produce a blood-red coloration, proving the presence 
of Fe'" (ferric salt). 

II. Boil the rest of the original solution, after adding a 
few drops of strong HNO, if a ferrous salt is present. Add 
some AmCl and then AmHO gradually to the liquid, until 
it is just alkaline and smells faintly of NHg after it has been 
well stirred. Now boil the liquid, filter off the precipitate, 
and examine it by Table III. a (514), disregarding all the 
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GROUP III.B.— ZINC GROUP. 

267- This Group includes Zn, Mn, Ni, Co. 

CampouQils of theae metalB diSer from those of tbe metals of Oroaps 
IV. and V, by being precipitated from their neutral or alkaline Eolu- 
doDs by Am^, and from their alkaline solutioas bf H^S. They are 
not precipitated by the Group Reagenta for Gnmpa III.a,, II., and I. 
Mn is, however, gradually precipitated hy oxidation, when ita Bolntion 
is mixed nith AmOI and excess of AmHO, and is then exposed to 



ZiKC (2n).— Use Zinc sulphate, ZnSO,.7HjO. 

Zinc nlta are usnally coIouTleas. 

26S. AnunODium Bulphide (Am^S) ; white precipitate 
(ZnS). This precipitate often appears to be yellow, if a 
large excess of yellow Am^S has beeu added. It ia soluble 
in HC1 and insoluble in HA and in Am^S. 

Note. — Unless freshly prepared atlourlesi Am^ can be obtained, the 
tests which show the Bolobility of the snlphidee of tbe metals of this 
Group should be tried on the precipitate which is obtained by the 
addition of AmCl, AmHO in excess, and H^S ; since tbe yetlma 
ammonium polysulphide solution caoses white sulphur to precipitate, 

ZnSO, + AmjSa = ZnS -i- S + AmjSO,, 

and this substance is usually insoluble in tbe liquids which dissolve 
tbe precipitated metallic sulphide. 

269. Hydrogen anlphide (H^) ; white precipitate (ZnS). A neutral 
solution of Zn is only partially precipitated by H^S, since U^SO, is 
formed by the resction and arrests tbe action of HjS ■.—ZoSO^ + h^^ 
ZnS + RjS04. But if ammonium hydrate (AmHO) has been previously 
added in excess, tbe Zn msy be entirely precipitated by UgS. Tbe 
addition of BuEBcient sodium acetate (NaA) solution also ensures com ■ 
plete precipitation, since the HtSO^ in the solution is tbui replaced by 
HA, in which ZnS ia insoluble i — 

ZnaOft-HgS + 2NaA=ZDa+NatS04-t-2HA. 



til-' 
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27a Potassium l^drate (EHO) gives a white precipitate 
(ZnHjOg) which is soluble in eiceaa. The zinc may be pre- 
cipitated as ZqS from this potaseiuiu hydrate Bolution by 
the addition of HjS. 

271. Blowpipe • test. — Mii some finely - powdered 
ZnSOj.IHjO with solid sodium carbonate (NajCOg) on 
charcoal, and heat the mixture in the inner blowpipe-flame. 
An incruBtation is obtained, which is ydlovi while hot and 
white when cold. 

Moisten this incrustation with cobalt nitrate solution and 
heat it again strongly in the outer blowpipe-flame, it will 
become grem. 



Manganbbb (Mn). — Use Manganese chloride (MnCl^) 01 
Manganese sulphate (MnSO^). 

llaogaiioaB aalU are usnatly palt-pink in colour, 

272. AnijS : flesh-coloured or pale pink precipitate (MnS) : 
the colour of the precipitate may appear yellow if excess of 
yellow AnioS has been added : its true colour and its 
solubility may be observed by proceeding as is directed in 
the Note in paragraph 268, The colour of the moist 
filtered precipitate changes by oxidation to dark brown 
when it is allowed to stand for some time exposed to the 
air (274). 

273. H^ precipitates MnS partly from aentral solntiona (269), 
entirely front alkaline solntioQB, but not at all in preaence of free 
hydrochloric acid (HCl) or acetic acid (HA). Add to some MnCL, 
solution amnioniam chloride (AmCl), ammoDium hydrate (AmHO) 
in eioeaa, and then B,3 ; and show with aeparate portions of the pre- 
cipitate thus obtained that MnS is solable in ECl and in HA, but is 
insoluble in Am^. 

274. EHO: white precipitate (MnHjOj), insoluble in 
excess, and quickly turning brown by oxidaticHi when it 
is exposed to the air. This change in colour ia most rapid 
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when the precipitate is separated from the liquid by 
filtratioB. 

275. Aminoiiiiun hydrate (AntHO) gives the aamo piecipltate m 
EEO doesi but if Bulficient AmCl baa bean first added, AmEO pro- 
duces no immediate precipitate. This ammoDiacal aolation, however, 
gradually turns brown by oiidation wlien it ia ei:po8ed to the air, aod 
the Hq is ultimately precipitated u a bronu hydroxide. 

276. Blowpipe-test. — When any solid substance contain- 
ing Mn is heated with a fuaed mixture of Na.jC03 and a 
little potassium nitrate (KNOg) upon platinum-foil, it yields 
a Uuish-green mass. This reaction is very delicate. 

277- ^ Borax-bead containing very little Mn is violet-Ted 
while it is hot and amefhijst-red when it is cold, after it has 
been fused in the outer blowpipe-flnme. After the bead 
has been fused for some time in the inner flame it becomes 
c^&urlesm. 



NicKKL (Ni).— Use Nickel sulphate, NiSO^.THjO. 

Hydmted nickel mils are usually bright green in oolour : the 
anhydrous salts are yellow. 

278. Am^S : black precipitate (NiS), which is insoluble in 
cold dilute HCl and in HA (279), but is dissolved by being 
heated with HCl and a crystal of potassium chlorate (KClOj), 

The precipitate is slightly soluble in yelloie Am^S. Prove 
this by adding more yeGote Am^S, and then boiling and filter- 
ing the liquid. The filtrate will be coloured brown by NiS dis- 
solved in the excess of Am^S. Boil this filtrate in a porceltun- 
dish for some time, adding water if necessary. The dissolved 
NiS will be reprecipitated, and when this has been filtered 
off, a colourless filtrate will remain. 

279- HjS : black precipitate (NiS) in neutral or alkaline 
solution, or in solution containing no free acid except HA 
(269). Add AmCI, AmHO in excess, and then H5S, to the 
NiBO^ solution in order to obtain this precipitate. 
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280. AmHO, if it budded in very small qtionUtj', gives* blniab-grf en 
precipitate (NiH^O:). This precipitate is soluble in excess of AmHO 

to s T)olet-b1us liquid ; it is alao soluble iu AmCl. Accordingly, if 
AmCl is first added to the NiSOi solution, the addition of AmHO 
causes no precipitate. 

381. Potawium cyanide (ECy) solution, if it is freshly prepared and 
is added in small quantity, gives a yellowUh-green precipitate (NiCy,), 
By the further addition of thia solution, this precipitate is dissolved ; 
but it ia reproduced when sufficient HCl is added to the cyanide solu- 



282. Acidify some NiSO^ solution with several drope of HA. 
Then add KCy solution gradually, while stirring, until the 
precipitate which forms at first is just re-dissolved. Boil 
this solution for a short time. Then cool it, and divide it 
into two part& 

The addition of HCl in excess to one part trill produce a 
precipitate of NiUy^, which often appears only after a. time. 

The addition to the other part of excess of KHO, and then 
of sufficient Br*water to cause the liquid to remain yellow, 
produces potassium hypobromite (KBrO), and this yields a 
black precipitate (NiHgOj) when the liquid is warmed. 

283. A Borax-bead containing Ni is vtohi or reddish- 
brown after it has been fused in the outer blowpipe-flame, 
and becomes pale yeUote when it ia cold; it is Uack and 
opaque after it has been fused in the inner flame. 



CoBAU (Co.)— Use Cobalt nitrate, Co(N03).„6HjO. 

Hydrated or dissolved cobalt salts are usually reddiah-pinlc in colour ; 
the solid anhjdroas salts are asoally blut or purple. Cobalt iodide is 
green. 

284, Am^S : black precipitate (CoS). When much yellow 
Am^S is added, and the liquid is boiled and tiltored, the 
filtrate is coloured yellov) by the Am^S; it is not dark- 
coloured, since CoS differs from NiS by being insoluble in 
yellow Am^S. The behaviour of CoS with other reagents 
resembles that of NiS (278, 279). 
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3S5. AmHO : bluieh-green precipitate. The precipitate is soluble . 
in eicesa of AmHO and in AmCl ; it is tberafore not fonn«d if AmCl is 
added before AmHO. 

286. ECy aolutian, if it is freshly prepared and ia added in small 
qnanlil;, gives a reddish -brown precipitate (OoCyj). When more KCy 
Bolntion is added gradually and with constant stirriDg the precipitate 
dissolves, but it reappears whan HCl is added to the cjaaide solution. 

287. Acidify some Co(NOj)2 solution with a few drops of 
HA ; then add KCy aolution. gradually until the precipitate, 
which forms at first, is just re-dissolved. Boil this liquid in 
an open dish ; then cool it aJid divide it into two parts. 
Add to one of these portions HCI, and to the other excess 
of KHO solution and then Br-water till the liquid remains 
yellow ; no precipitates will appear even when these liquids 



This difference of behaviour of Co and Ni solutions (aSs), which 
have been boiled with excow of KCy, is due to the fact that NiCy^ 
forms with ECy a compound {NiCyg.2KCj) whiuh is easily decom- 
poaed ; whereas CoCyj forms with KCy the very stable compound 
KgCoCyg, potasaiiim cobaltieyanide, 

288. A Borax-bead containing Co is Jine blue in colour 
after it has been fused in the inner or in the outer blowpipe- 
flame. 



Dbtbcteon and Sbfaration of Metals in Group III.b. 

289. The processes used in Table III.B. {516) depend 
upon the following differences in the behaviour of the 
metals of this Group, 

1. The solubility of Si& in yellow Am^, in which ZnS, MnS, and 
CoS are insoluble : the precipitation of NiS from this solution by 
boiling the liquid, and the confirmation of the presence of Nl by 
fusing the precipitated Ni3 iu a borax-bead. 

2. The solubility of ZnS and HuS in cold dilute ECl, in which NiS 
and CoS are almost insoluble. 

3. Tlie solubility of ZnHjO, in cold KHO, iu which MuHgOg Is 
insolublo ; the procipiUtion of white Zu3 from this solution by UgS, 



'Si-' 
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and tlie prodnction of a bluish-greeD mass by heating tlic unduBolved 
MnHgO, with fused NsjCOj and KNO3. 

t. The dilTeTence of behaviour with KBrO of the ECy solutioni of 
HiCy, and of CoC;, : and the marked differeace in the coloar of borax- 
beads which contain Ni and Co respectively, 

29a A Solution is examined for Zn, Un, Co, and Ni by 
adding AmCI, then AmHO until it ia alkaline, aiid then 
yellow AnijS vuitil the liquid smells of it after it has been 
well stirred. The liquid is then heated, and a tew drops of 
it arc poured upon a filter. If the filtrate is not yellow or 
brown in colour, more yellow Am^S must bo added until the 
filtrate becomes uoloured. The whole liquid is then heated 
and filtered, and the precipitate is examined by Table 

III.B. (516). 

If the filtrate is yellow, it is rejected. If it is brown, it 
is examined for Ni by boiling it until the NiS separates (278), 
and this NiS is then fused into a boras-bead (283). 
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GROUP II.A.— COPPER GROUP. 
291. This Group includes Hg", Pb, Bi, Cu, Cd. 

TL« Boinpounda of thesa metala dilTer from those of the metals in 
Groups lll.A, IIl.B, IV., and V. by being prscipilated as sulphides 
by I^ from their acid solutions. With the exception of Pb, theae 
luetala are not precipitated by HCl or by soluble chlorides. A stroug 
solution of Fb ia partially precipitated as cbloride b}' these reageots. 

The sulphides of these metals differ from those of Oroap II.b by 
being insoluble both in Ani^S and in EHO. 

If very mucli aoid is present, HgS do«a not precipitate the members 
of this group readily or completely, nnless their solutions are largely 
diluted with watar. 



Mbrodricum (Hg"). — Use Mercuric chloride, HgClj. 

Mercury forms two aeries of compounds, which are distinguished 
as meratrie and tneraavua. The metal in these two aeriea of com. 
pounds behaves differently with reagents, and may be distinctively 
called mcTcarieam and merearoswn. In the latter condition it is 
classed nnder Group !. 

292. Hydrogen sulphide (H,S)i black precipitate fHgS^. 
If HjS or its solution is added sTowIy, the precipitate 
is first white, then Imium or orange, and ultimately becomes 
black. The occurrence of these changes of colour during 
the addition of H^S is characteristic of mercuric salts. 

If the precipitate is filtered off, and is then washed until 
it is free from dissolved chlorides, it may be proved to be 
in soluble ip Imt at^ ong nitric acid (HN0, 1 and in ammoaim n 
sul phide TAm^). but easily_aolulji^jii_a_im*tiiifi_aLJijIifl» 
and hydrochloric' acid (HCl), ^hicl i is known as aqu a regia. 

2^rHmmUlllllitflhde(H llCLi: wh ite precipitate '^^gnOi)" 
if more S nCL is added, the w hite pr fpipifn^^J becomes grey . 
and consists of fine particles of Hg. 

SHgCl^ + SnClj = HgjCI^ + SnCl^ 



H-jCl, + SnCIa = 2Hg + SnCI,. 
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294. Copper {Cb) : cleanse a small strip of copper sheet or 
a copper coin, by nibbing it with saad-paper, or by dipping 
it into strong HNO3. Immerse it in some HgCl^ solution 
made acid with several drops of HCI. The Cu will become 
coated with a grey film of Hg:— HgCl2 + Cu = Hg+CuCI,. 

If the surface of the strip is rubbed, it will appear more 
or leas whitened like silver, since the mercury has formed 
an amalgam with the copper ; and when the copper strip ia 
heated in a test-tube, a sublimate of globules of Hg will 
form upon the cool sides of the tube. 

295. AmHO girea 1. wliite precipitale (NUiHgCI), inuoliibie in 

396. EHO gives a ysDow precipitate of mercuric oxide (HgO). 

297. Hercory Hirror. — Mix a little finely powdered HgCl^ 
intimately with about four times as much finely powdered 
sodium carbonate (Na^COg) which has been recently dried 
by ignition. Pour this mixture into a amaU dry test-tube ; 
then cover the mixture with a layer of dry Na^COj. 

Aft«r the inside of the tube has been perfectly cleansed, 
beat the upper layer of NagCOj strongly ; and, while keep- 
ing this hot, gradually extend the heat to the mixture. Hg 
will sublime, condensing in globules on the inside of the 
tube, and usually appearing as a mirror. 

The globules are often ouly seen by the aid of a lens, or 
when they are flattened by pressing them with a glass rod 
against the inside of the tube. 

298. SnbUinatlon.— Heat a little solid EgCl, in a tube closed at 
one end ; the sutwtance will sublime in wliit« fumes, showing that 
mercury compounds are volatile. 



Lead (Pb).— Use Lead acetate, PbA^.SHjO, dissolved in 
very dilute HA. 

299. HjS : black precipitate (PbS). This precipitate is 
often red., if much hydrochloric acid ia present; but it 
becomes black when water is added and H^S is passed, or 
when H.,S-wator is added. Filter ofl' this precipitate, and 
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show with separate portiona that PbS is insoluble in potas- 
sium hydrate (KHO) and in ammonium sulphide (Am^S), 
but soluble in boiling dilute HKOg ; also that it is converted 
by boiling strong HNO^ into white insoluble PbS04. 

30a HydrochlOTic add (HCl) : white precipitate (PbCy, 
forming only in cold and strong solutions. When this pre- 
cipitate is boiled with sufficient water, it dissolves ; but it 
separates again in beautifiil crystals wheu the solution is 
cooled. 

301. Sulphuric acid (H^O^) : white precipitate (PbSOj). 
This precipitate is much less soluble in dilute H^SO^ than in 
water; hence H^SO^ should be added in excess to a pretty 
strong solution. Decant the liquid and show that the pre- 
cipitate is dissolved by boiling it either with AmA solution, 
or with acetic acid HA after adding ammonium hydrate 
(AmHO) in excess; show also that it dissolves in boiling 
strong HCl. 

302. Fotasaiuin chromate (EjCrOj : yellow precipitate 
(PbCrOJ, soluble in KHO, but insoluble in acetic acid 
(HA). . 

303. Blowpipe-test. — Mis some powdered PbA^-SH^O 
with about twice as much IfajCOj in a cavity on a piece of 
charcoal, and heat the mixture in the inner blowpipe-flame. 
A yellow incrustation will form around the cavity, and small 
lustrous globules of Pb will be seen within. Detach and 
cleanse one of these globules, and prove that it is malleable 
and will mark paper (184). 



BibuDTB (Bi). — Uae Bismuth nitrate solution, produced by 
dissolving BiO(NO|^.H20 or Bi{N03),.5HjO in very 
dilute HNO3. 
304. HjS : brownish-black precipitate (Bi^g) : — 
2Bi(N0j)j + SH^S = BijSg + SHNOj : 
insoluble in Am^S and in KHO, but soluble in strong 
HNO,. 
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30S Amnunumn hydrate (AmHO), or Fotossiimi hydrate 
(EHO) : white precipitate (BiHjOg), insoluble in excess. 
Filter off tfae precipitate and keep it for the following 
reaction. 

306. Water (HjO).— Pour a few drops of boiling dilute 
HC'l upon the precipitate which was left in the litter from 
the last reaction, and allow the acid solution to drop from the 
funnel into a large quantity of distilled water. A milMnesis 
will appear in the water, which is due to the formation of 
BiOCl :— BiClj + H^O^BiOCI + 2HCL 

A similar precipitate (BiOITOg) may be obtained by letting 
the original bismuth nitrate solution drop into much water. 

These precipitates are soluble in HCl, but are insoluble in 
solution of tartaric acid (H^l"). 

307- Blowpipe-test, — Heat a mixture of bismuth salt 
and N%COg and ECy on charcoal in the inner blowpipe- 
flame. An incrustation will he obtained which is orange-red 
while it is hot and ydlow when cold ; white globules of Bi 
will also be seen; these are very brittle, and are easily 
crushed to powder by a sharp blow with the pestle, and 
they will not mark paper (184). 



Copper (Cu).— Use Copper sulphate, CuSO^.SHjO. 

308. HjS : brownish-black precipitate (CuS), Filter, 
keeping the funnel carefully covered with a glass plate, since 
air quickly oxidises CuS to CuSO^, and this dissolves and 
runs through with the filtrate. Show that the precipitate is 
insoluble in KHO, in Am^S, and in boihng dilute U^SO^, 
but dissolves in boiling HNOg, and in ECy solution. 

309. AmEO, if it is added in a diluted state and in very 
small quantity, gives a greenish Uue precipitate. If more 
AmHO is added, this precipitate dissolves, yielding an 
intend}/ blue liquid. 
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310. EHO prodnces 11 |>a1e-blae floccnlent precipitate, which becomea 
black when the liquid is heated. 

311. Fotassiiim ferrocyaiude (E^FeCyg): reddish-brown 
precipitate (Cu^FeCyg) insoluble in HA, In a very dilute 
copper Bohition only a reddish colour is seen at first. 

312. Iron (Fe). — Cleanse a bright piece of steel or iron, 
such as the blade of a penknife, by rubbing it with sand- 
paper; then dip it into CuSO, solution which has been 
made acid with a few drops of H^SO^; the surface of the 
iron will be gradually covered with a red film of Cu. 

313. Blowpipe-teat. — If a mixture of findy powdered 
CuSO^.SH^O with KCy and NagCOg is made iu a cavity 
on charcoal and the mixture is heated in the inner blow- 
pipe-flame, red scales of Cu are obtained. These are best 
(seen after they liave been separated by levigation (185). 

314. A Borax-bead containing Cu is green while hot and 
blue when cold after it has been fused in the outer blowpipe- 
flame. After it has been fused in tiie inner flame the bead 
becomes red or cdonrless, if too much copper is not present ; 
this change is facilitated by fusing a little Sn into tJie bead. 

315. The Flame colOTation produced by a copper-salt is 
green, and shows a blue centre if the copper compound has 
been moistened with HCl, or if copper chloride (CuClj) was 
originally used. 



CADMitTM (Cd). — Use Cadmium sulphate, CdS04.4H30. 

316- HjS : bright-yellow precipitate (CdS) ; insoluble in 
Am^S, in KHO, and in KCy solution; soluble in boiling 
dilute HNO, and in boiling dilute HjSO,. CdS is repre- 

cipitated from the solution in H^SO^ if the liquid is diluted 
and HgS is added. 

317. Blowpipe-test.— If powdered CdSO, ia mised with NssCOj in 
B cavity on charcoal and the mixture ia heated Id the inner hlowpipi:- 
flame, a browu incrualation iu uhtainod on the charcoal. 
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Dbtection iST> Sbparation of Mbtam in Gaotrp II.a. 

318. The procedure drawn up in Table II.a (512) depends 
upon the following difTerences shown bj the metals of this 
Group, 

1. The Bolubilit; of Bi^, CiiS, and CdS in gtrong boiUng HKO3, 
in which HgS and PbS are insolable tind remain us HgS and FbSO, 
respeotiraly after treatment with the acid. 

2. Tlie aohibihtj of PbSO^ in a mixture of HA with excess of 
AmHO, in which HgS la insoluble. 



4. The solubility of CdS and insolability of OuS in boiling dilute 
H^^: or the insolubility of CdS in KCy solution, in which CuS 
easily dissolvea 

319. A Solution which may contain the Metals of 
Group n.A is first made acid, if it is not already so, with a 
little HCl. Whether the liquid is clear or not, HgS is then 
passed into it for several minutes. The precipitate is filtered 
off, and the clear filtrate is diluted with a little water and 
HjS is passed through it again for a short time. . This 
dilution and treatment with HgS are repeated until no 
further precipitate is produced in the filtrate ; it may then 
be rejected. The whole of the precipitate which has been 
caused by the action of H.jS is then examined by Table II.a, 
Copper Group (512). 
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GEOUP II.B.— AESENIC GROUP. 
320- This Group includes As, Sb, Sn. 

Ita membera dilTer from those of Groups III.a, III.b, IV., and Y. 
by being precipitated as anlphides by HgS from a aolation which has 
bean made acid nith HCI. Tliey differ from those of Group I. by 
not being precipitated by HCI. 

The Bolphides of this Group differ from those of Group II. a by being 
soluble in Am^S aod in EHO. 

Each metal of this Group Forms two series of compounds, which 
Teaemble each other in many reactiona, but also present certain dif- 
ferences. The two classes are distinguished conveniently by the ter- 
minations -ic and -ova ; thus we spealc of araenfe acid and arseninu* acid. 



3 by boiling them 



Arsenic (As). 
Use for an BTB&niotis compound arsenious oxide (As^O^), dis- 
solved by boiling water ; and for an araeni'n compound sodium 
hydrogen arsenate (Na2HAB04.12H20}, dissolved in water. 

321. The tests dewribed in the foOowing parugraphB, ercept 330, 
give the same ultimate results with both arsenious and araentc com- 
pounds. As a rale, however, the reaction proceeds slowly with an 
arsenic compound, since the first stage consists in 
an arsenioiw compound. 

Arsenu compounds are converted into arsenioi 
with HjSO,, trith strong ECl, or with some other suituble reducing 
agent. Arsenioits compounda are oxidised into araenii; compounds by 
being heated witb ENO,, or with some other saitable oxidising agent. 

322- Hydrogen Bulphide (H^S) produces in neutral solu- 
tions of arsenious compounda only a yellow coloration ; but 
when hydrochloric acid is added to this cold liquid, a light- 
yellow flocculent precipitate (AsjSg) forms immediately. 

Filter off some of the As^Sj, and show that it is insoluble 
in boiling strong HCI, but soluble in potassium hydrate 
(KHO) and in ammonium sulphide (Am,^) ; show also that 
As^g is reprecipitated from these solutions by the addition of 
HCL in excess. 
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39^ In oold acidified 'mlntioiia of araenfs compomida H^ produces 
no [H^pitate. But if strong ECl is added and the solntioa is boiled, 
H|S causes in the boiling solatioii first a precipitate of white S and 
tlien one of yellow AsgSg. 

The cooipleU prscipitatiAn of arsenic solutions is rapidlj effected if 
BQlphuroiiB acid (H^Og) is first added to the solution ontjl it smellB of 
SO], and the liquid is then boiled until SOj is no longer smelt : the 
arsenious compound which is thus produced im readily and completely 
precipitated by H,S from the cold solution. 

324. Beinscll's test. — Several narrow strips of sheet 
.copper are cleansed with sand-paper or by dipping them in 
strong HNOg. They are then boiled in the arsenious solu- 
tion, which has been previously acidified with dilute HCl. 
The surface of the copper will soon be coated with a dark- 
grey film of AsjCuj. 

The strips are carefully dried by gently pressing them 
with filter-paper and applying a gentle heat, and are then 
gradually heated over a very 
small flame in a hot and dry 
test-tube. A white sublimate of 
AsjOg will form on the upper 
part of the tube. 

A much more characteristic 
sublimate is obtained if moisture 
is entirely absent, and the sub- 
limation is effected veiy slowly 
while the aides of the tube are 
hot. The sublimate is then spark- 
liDg , and o,j.t.m» .ad if the ^__^„^_^ __^ 
crystals are esamined under the, 

microscope, they will be seen to be transparent, colourless, 
regular octahedra and tetrahedra (fig. 6.^). 

The prssence of As in the grey deposit npon the Cu shonld always 
he proTOil, since other metals may Iw deposited as grey films on Co. 

Beinsch's test serves to detect arsenic compounds after their solutions 
have been reduced by being mixed with strong HCI or H^SOj and 

325. Marsh's teat. — Fit a four-ounce fta^k with a thistle- 
funnel and a bent delivery-tube, as is shown in tig. CC. 





192 EEACTTONS FOR THE METALS. [32(1, 327, 

Attach a tube of hard glass about four inchee in length to the 
deliveiy'tube by meaoB of a rubber joint, and support the 
tube on a ring of a retort- 
stand. Cover the bottom 
of the flask with granulated 
zinc, free from As and Sb ; 
add a little water, and then 
pour in through the funnel- 
tube a little strong HCl. 

After hydrogen has been 
evolved for some time, and 
has espelled all air from the 
flask, there will be no risk 
of an explosion occurrii^ 
Marsh's Test fob As. , ., ■ i- l^ j 

• when the gas is lighted 

(55, Espt. 64); but it is well to cover the flask with a 
cloth before the hydrogen is kindled. 

Now place the apparatus in a draught-closet, kindle the 
hydrogen, and pour some Aa^Og solution into the flask. The 
flame will be seen to differ from that of pure H by its livid 
blue colour and by giving ofl" white fumes of AsjOj. 

Press down upon the flame the inside of a porcelain-dish or 
crucible lid. A dusky black film of As will he deposited upon 
the cool surface. Pour upon this film some freshly-made 
solution of bleaching-powder, containing calcium hypochlorite 
(CaCl^Oj); the arsenic stain will be rapidly dissolved, 

326. A mirror of As will also be deposited in the glass 
tube if the tube is heated as ia shown in (ig, 66. The mirror 
IB recognised by its appearance, by its solubility in CaClgO^ 
solution, and by forming a sublimate of octahedral crystals 
of AsjOj (fig. 65), when it is slowly heated in a hot^dry 
test-tube, 

327. Fleitmanii'g test. — Boil some pieces of pure Zn in 
KHO solution, H will be evolved which ia free from odour. 

It a little As^O^ solution ia now added, and. the dikdline_ 
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liquid is again boiled, a gariic odour will be perceptible owing 
to the evolution of AbHq : — 

f Zn + 2KH0 = H^ + ZnKjOa. 
i A830g+12H=2AaHj + 3HjO. 

If a small piece of filter-paper, moiatened with solution of 
silver nitrate (AgNOg), is placed upon the mouth of the tube 
while the liquid is being boiled, the paper will be stained 
black by the separation of Ag. 

This result is not produced by araanic compouDdB unlesa they hiiTt) 
been flret reduced by being boiled with strong HCl or with HjSO^ 

Compounds of antiuiony do cot give the above result ; the test, 
therefore, distinguishes between arsenic and antimony oompounds. 

328. Arsenic Mirror.— Min a little iinely-powdered diy 

AsjO, with about four times aa much freshly-ignited sodium 

carbonate (Na^COg) and potassium cyanide (KCy). Heat this 

Fic. 67. 
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mixture in a small bulb-tube of hard glass (fig. 67), or in a 
small test~tube about three-sixteenths of an inch in diameter. 
A black mirror of arsenic will form on the cooler part of the 
tube (h), and frequently a smell of garlic may be detected at 
the mouth of the tube. 

If the bulb is cut off, and the glass with the mirror is 
gently heated in a test-tube, the As will be converted into 
a white sublimate of As^Og, or into transparent octahedral 
crystals of this oaide (fig. 65, page 191). 

ifb^ — It is evident from the preceding testa that As,0, is readily 
volatile. This is true also of As^ and of many other arsenic 
compounds. 

329, Blowpipe-test.— Mix a small quaidity of any solid substance 
ooutaiDing As with Nb,COs, "id heat the mixture on charcoal in the 
inner blowpipe- Bame. The flame will be coloured livid Hue, unless 
thia tint is orerpowered by the yeUow sodium coloration, and a aniell 
of garlic will be noticed when the charcoal is removed from the flame. 
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33a. Anenloiu nwy b« diatangniahed from Anenlc oomponndi 
(1) bj adding AgKO| solation to tbe perfectly ueutnl liquid free from 
chlande. Yellov) AfdAaO, will be precipitated from arseuiout aoln- 
tiona, and hrown AggAsOj ftom axmaic Bolatione. 

(2) By adding two drops of copper ralpliate (CoSO,) solntion, fol- 
lowed by excess of KOH solution ; with anenioiu solation, « elear bine 
liquid will be obtaiued, which deposits red CugO when it is boiled 1 
no change will be produced in areenic solutions. 



Antimony (Sb). — Use Antimoay trichloride (SbClj) solution, 
produced by diaaolving SbClj or Sb^O, in dilute HCl. 

331, HjS : orange-red precipitate (SbjS,). Show that the 
precipitate is soluble in solution of KHO or of Am^ and is 
reprecipitated from these solutions by the addition of HCl 
in excess : also that it is soluble in boiling strong HCL 

332. Water (H,0).— If SbCl, solntioQ is poured into mnch water, 
it yields a white precipitate or turbidity (SbOCl). This precipitate is 
Bolnble in HCl and in tartaric acid (HiT). SWC^ differs from the 
limilar BiOCl precipitate (306) by its solubility iu H,T. 

333. Pt and Za — If the acid SbCl; solution is poured 
upon some platinum-foil in a porcelain-dish, and a piece of 
Zn ia dropped upon the foil, the platinum will be rapidly 
coated with a black deposit of Sb. This stain is insoluble 
in hot HCl, but is soluble in hot HNOj. 

A alight grey or brown film or stain on the Pt Is no evidence of the 
presence of Sb. But if the film is dissolved in hot dilute HNOj, and 
this BolutioD is diluted, than treated with H^ and allowed to stand, 
a red precipitate of SbtS, vrtH settle down from the reddish liquid, and 
will prove that Sb is present. 

334. SbHg may be prepared in a similar manner to As H , 
(325) : it is free ftom smell and is not poisonous. A stain 
produced by Sb on porcelain, in the marmer already 
described (325), differs from the As-stain by presenting a 
dead surface and by being insoluble in CaCljO^ solution. 
Also when the stain is dissolved by warming it with yellow 
Am^S, and tlie solution is evaporated by a gentle beat, a 
residue of orange^ed Sb^jS, remains. 

335. An Sb-mirroT may be obtained in a aimilar manner to the 
As miiTot (326) ; it dilTeis from the As-mirror by being formed much 
nearer to tbe flame, and on both sides of tlie heated put of the tutw. 
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This is due to Sb being lew ToUtile tbou Ai. The minoT may furtlier 
be dUtingowhed by the special testa already deBcrtbed (334). The sub- 
limate prodnced by the oxidation of this mirror (338) is insoluble in 
boiling water: but if the anbliinate ia disaolred in ■ little boiling HGl, 
the solution gives an orange-red precipitate (Sb,3]) when H^ is paised 
into it, wherens the solution of the As^Oj sublimate gives yellow AsjS, 
under vmilar eonditions. 

336. If a solution oontalning 3b is boiled with pure Zn and EHO, it 
does not evolve SbHj, and the escaping hydrogen does not stain paper 
moistened with AgNO, solation (337). This test disljugujghes As 
from Sb. 

337. Blowpipe-teBt.— ^Mix a little solid Bubstance contain- 
ing Sb with Na^COj and KCj, and heat the mixture on 
ohareoal in the inner blowpipe-flame. A white incrustation 
will be formed on the charcoal, and white globules of metallic 
Sb will be obtained which are extremely brittle. When the 
melted Sb is withdrawn from the flame, each globule emits 
white fumee and becomes coated with white crystals of Sb^Oj. 



Tin (Sn). — Stannous and Stannic compounds. 
Use for Stannous salt, SnClj-SK^O dissolved in dilute 
HCl, and for Stannic salt, SnCl^ dissolved in dilute HCl. 
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The following reactions give ultimately the same resviltB 
with atanntfl compounds aa with stannous compoundB. 

340. Zinc (Zd), when it is immersed in a solution of a 
tin-salt which has been acidified with HCI, becomes coated 
with a spongy mass of Sn. If the Zn rests on platinum-foil, 
the Sn is dep^ited in a spongy state on tlte Zn and does not 
gtain the Pi black, differing in this way from Sb. The 
deposition of Sn from SnCl., is much more rapid tlian from 
SnCl,. 

Tlie deposit of Sn may be rubbed and washed off the Zn, 
and dissolved in a little boiling strong HCI. This solution 
of SnClj will yield with HgCI^ solution a white precipitate 
ol Hg^C^ (339). 

341. Blowpipe-test. — Mix any solid compound, con- 
taining Sn, with powdered Na^COg and KGy, and heat the 
mixtnre on charcoal in the inner blowpipe-flame. A slight 
white incnistation will be obttuned, together with white 
metallic particles of Sn. The globides are malleable, but 
differ from, those of Pb by not marking paper {303)- 



Dktection and Sbparation op Mbtai£ in Gsonp Il.a 

342- The procedure drawn out in Table II.B {513) for the 
detection of these metals in solution depends upon the 
following differences ; — 

1. The iuaolubility of As^i in hot strong HCI, id which SnS, SnS^, 
itLd SbjSs are soluble. 

2. The adilition of Zn and Pt to tba acid aolutioD containing Sn and 
Sb, when Sn la deposited on the Zn, and 8b on the Pt. 

343. From an acidified solution which may contain As, 

Sb, and Sn, these metals are first precifHtated as sulphides 
by passing H^S. After the sulphides have been filtered 
off, the warm filtrate is boiled and i^;ain tested by passing 
HjS through it, in order to see whether the precipitation has 
been complete. When no further precipitation is produced 
by HgS, the precipitate is examined by Table II.B, Arsenic 
Oroup (513). 



S44-34&] EEACnONS OP 3ILTEB. 



GROUP I.— SILVER GROUP. 

344. This Group includes Pb, Ag, Ug' (i 
pounds). 

The componnds of these metnls differ from those of all other coniiiion 
nietiilB, bj beiDg predpitaUd as chloridea by HCl or by • solable 
chloride. Since, however, PbOlj is somewhat soluble in water, Pb U 
not entirely precipitated as chloride in this Group, and is also fotiiid in 
Group II.A as Pb3. 



345. The reactions of Pb have been already given under 
Group II.A in paragraphs 299-303. 



SiLVBB (Ag). — Use Silver nitrate, AgNOj. 

346. Hydrochloric acid (HCl): white precipitate (AgCl), 
which becomes curdy when it is shaken or heated. This 
precipitate dissolves readily when it is heated with solution 
of ammonium hydrate (AmHO) or of potassium cyanide 
(KCy), and is precipitated c^;ain from these solutions when 
nitric acid (HNOj) is added in excess. AgCl is insoluble in 
HNOg, even on boiling; it darkens when it is exposed to 
sanlight or daylight in the absence of free acid. 



niniu hTdrato (AmHO): ligbt-brown precipitate; this 
[mcipitate is produced only when txry dilule AmHO is added drop by 
drop, since it is very essil; sohible in ezcesa of AmHO. 

348. Blowpipe-test — Ifany solid anbttsncecantainiagAg is mixed 
with powdered NsgCOi, and the mixtore is heated on cbarcoaJ in the 
innot blowpipe-flame, it will give white malleable globules or scales of 
Ag, but no incrustation. The globules do not mark psppr. 



MKBCtmOSOM. [Mfr-35S, 



Mbbcubobdii (Hg'). — UficMercurous nitrate, Hg'.j(N0j)2.Hj0, 
dissolved in dilute HNOj. 

349. Beactiona 293, 294, 397, and 2g8 lor morcDric salts yield pre- 
cise); similar results with mercarous salts. The tvo following reac- 
tions (350, 351)1 however, serTe to distinguish mercuric fl 



3Sa HCl: a white predpitatc (Hg'gClg), which is in- 
soluble in any single dilute acid ; it is soluble in aqua regia, 
however, which converts it into Hg"Cly This precipitate 
becomes Hack tefwn AmHO m poured upon it, bat does not 
dissolve. 

351. AmHO, or EHO, a black precipitate, insoluble iu 

excess. 



Detbction and Separation op Mbtalb in Group I. 

352. The Table (510) for the detection of the Metals in 
Group I. depends upon the following differences : — 

1. The solubility at PbClg in hoiling water, in which AgCl and 
HK'gCl, are iiuolnble. 

2. The solubility of AgCl in AmBO, in whicb Hg'gCI, is insolnble. 

353. A solntiini, which is to be examiued fox Fb, Ag, 
and Hg", is precipitated by adding HCl in excess ; it Is then 
filtered, and the clear filtrate is tested with more HCl in 
order to ascertain that no further precipitate is produced. 
The whole of the precipitate produced by HCl is then 
examined by Table I. (510). 
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380.] KEACTIOHB FOR AC11>-RADICLE8. 



BBACTIONS FOB AOID-RADICLBS. 



360- The Acid-radicles are usually detected in the course 
of analysis by special tests. They cannot advantageously be 
precipitated in Groups from which the members of each 
Group are then separated aad identified, aa is the case with 
the metals. 

Accordingly the arrangement here adopted consists in 
placing together in a Group those Acid-radiclea which eom&- 
what resemble one another in their reactions ; and stating 
at the end of each Group tfie difiereuces upon which the 
detection of its members, when they occur together, 



The reactions for Acid-radicles are worked throitgh in the 
same way as those for the metals, a salt or other compound 
containing the radicle being employed. A salt of sodium, 
potassium or ammonium is usually preferred for this pur- 
pose, since these metals do not as a rule interfere with the 
reactions of the Acid-radicles. 

At the end of each Group the student may with advan- 
b^ detect one or more of its members, as has been done in 
the case of the Metala. 
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EKACTIONS op ACID-RADICLBS. [86]-36fi, 



GROUP I.— SULPHATE GROUP. 
361. Sulphate is the only commonly occurring acid-radicle 
which givcB, with barium chloride (BaGl^), a precipitate 
which is ineoluble in boiling hydrochloric acid (HCl). 



SuLPHATB— ("SOJ — Ubo Sodium sulphate, NajSO^. lOH^O. 
362. Barium chloride (BaCI^), or Barium nitrate, 
Ba^NOj)^, gives a white precipitate of BaSO^, which is in- 
soluble when it is heated with dilute HCl or with HNO3 
(363)- 

3^ Add BaClj or Ba(NO,)j to Btiong liydrochloric add (HCl) or 
to strong nitric acid (BN^). A white piecipitnte will be produced 
consisting of BaCl^ or Bi(NOj)£, which 18 insoluble in tlie strong odd. 
These precipitates are readily distinguished from BaSO^ by their 
ready soIuhiUty in water. 

31S4. Blowpipe-test.— When ■ mixture of a sul]>hate, or of any solid 
substance containing sulphur, with solid sodinni carbonate (Na^Oj) 
is fnsed on charcoal in the inner blow pipe- Same, it yields sodinoi 
sulphide (NajS):—Na^04-HC=Na38 + 4CO. 

The Na^S is readily detected by delsching tbe cold solid mass from 
the charcoal with the point of a kuife, placing a portion of it apon a 
bright silver coin, and moistening it with a drop of water; if the 
moistenod moss is riused olT, after it has remained upOD the coin for a 
short time, a black st«in (Ag^S) will be seen upon the silver where 
tbe substance rested. 

Another portion of the cool mass may be moi^t^iied with a drop of 

HCl : a fetid smell of H^S will be observed, and a piece of paper 

led with PbAg solution and held above it will be blackened. 



Note. — This test is evidently only of value for detecting sulphate 
when it is known tliat sulphur is not present in any other form in the 
substance to be tested. It is also necessary that sulphur should not be 
introduced in the NojCOj, or by the flame. Since coal-gas may con- 
tain sufficient sulphur to give the above reaction with pure Na^COj, it 
is always advisable to employ the flame of a spirit-lamp rather than 
that of a gas-burner for this reaction. 

365. Pree Sulphuric acid (H^SO,) chars paper when it is streaked 
uiH>n it ; if the acid is dilate, the paper must be heated so as to concen- 
tiKte the iiciJ, black marks will then api)ear on the laiiei. 



866, 867.] SULPHATE, CARBONATE. 



GROUP II.— CARBONATE GROUP. 

366. The Group includea carbonate, sulphide, sulphite, 
thioBulphate, nitrite, and hypochlorite, A salt containing 
any of these acid-radicles gives off a charactcriBtic gas when 
it is acted npon by hydroclJoric acid (HCl). 



Carbokate ("CO3). — Use Sodium carbonate, Nii^COg. 

367. — Hydrochloric add (HCl), or almoat any other acid, 
if it is poured upon a carbonate, causes colourless, almost 
inodorous carbon dioxide gas (CO^) to escape with effer- 
vescence. This gas ie reec^niaed by its power of turning 
Ume- or baryta-water milky by the production of an insoluble 
carbonate. 

The test may be tried in the following ways : — 

1. The gae may be liberated in a test-tube, and will remain 
in the tube if it is held erect, since COj is much heavier 
than ajr. It the tube is now gradually sloped, the heavy 
gas may be poured into another test-tube containing a little 
lime-water, without allowing any liquid to flow out. If this 
tube is then c'.otied with the thumb, and the lime-water is 
shaken up with the gas, the liquid will become milky. 

2. The test-tube or beaker in which the gas is liberated 
may be at once covered with a watch-glass with its convex 
surface downwards and with a drop of clear lime-water 
adhering to the middle ; the drop will become milky after 
a time. 

3. If the gas is given off in considerable quantity, it may 
be liberated in either of the forms of apparatus shown in 
fig. 68, and may be made to pass into some lime-water con- 
tained iu a separate tube. 

t^ote.—ln testing for carbonate the following precautions irnut be 
attendeil to. 

Since thu milkinciKi which is produced in lime-water 1'y CO, gradual); 
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diaappeus wlieu more CO3 ia absorbed, the linie-water niust be cou- 
staotly watched, in order to avoid the risk of' the 
miikincss not being observed before it baa dis- 
appeared. 

A solid aubatauce, which in being t«sted for 
carbonat« bj HC1, should be iirat moistened so as 
to drive out the air bubblea entangUd in it, since 
the eecape of these bubbles might be mistaken for 
a slight efiervescence of CO^. 

368. An Acid carbonate, or Bicarbonate, is 

decomposed by heat into a normal carbonate, 

with separation of COj and H5O, Prove this by 

dropping some solid sodium bicarbonate (NaHCOj) into boiling water 

in a test-tobe; efferveseence will occur (aNaHCOs^NajCOj + HjO), 

and the gas will make lime-watet milky. 

369. HgSOi gives no precipitate with a solution of bicarbonate 
which has been msde with cold water ; hot after the solution has been 
boiled it will contain normal carbonate, and this will give a precipitate 
of white magnesinm carbonate. 

37a Hydrogen carbonate, or Oarbonlcaold, can only existin dilute 
aqneons solution ; it may be detected by boiling the liquid, and passing 
the CO5, which is evolved with the ateam, into lime-water ; the lime- 
water will become milky. A bicarbonate gives the same result, bat 
leavea a reMdue after evaporstion. 



Sulphide ("S), — Use solid Ferrous sulphide, FeS, and 
solutiou of Ammonium aulpliide, Am ^S, 

371. HCl, when it is poured upon a small fragment of mauy 
solid sulphides, cauaea hydrogen sulphide (H^S) gas to escape 
with effervescence. This gas is detected by its fetid smell, 
resembling that of rotten egga ; and by its property of 
blackenhig solution of lead acetate (PbAj), by the formation 
of PbS (see Note, 373). 

The gas may be made to act upon the PbAg solution by 
the methods given for CO^ (367 > 2, 3) ; or a small strip of 
filter-paper, moistened with the solutiou, may be attached to 
the end of a glass rod and introduced into the gas. 

372. SUvet (Ag). — When solution of a sulphide is dropped upon a 
bright silver coin, it produces a black stain (A^S). This stain may be 
removed by rubbing the coin with moist lime. 
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A Hulpbide which ia intolabla in nkter, bat give* otT H3S on the 
addition of HC1, producea a black atain when it it placed upon a 
silver coin and tbtm moiateuod with a drop of HCI. 

An inBoluble sulphide, which does not evolve HjS when it ia heated 
with an acid, muat be atrongly heated with IfogCOa ; the resulting 
mass is then extracted with water, and the aolntiDn ia dropped npon 
the ailver. 

373. Fb2, wliitlan gives a hiack precipitate (PbS). 

Nate. — The solution produced by adding KHO in exoeaa to PbA, 
solution, until the precipitate whioh forms at first is redixsolvcd, is a 
moi-e delicate reagent for this teat, and for 371. 

374. Snli^iur Snbliniate. — When sulphur is heated in a 
test-tube, it gives a sublimate consisting of brown drops or 
of yellow powder. A similar sublimate is obtained from 
many sulphides when they are heated in a test-tube. 

375. Snli^UT dioxide erolved. — When sulphur or a 
suitable sulphide is heated in a tube open at both ends and 
held obliquely in the flame, instead of in a testrtube, it 
evolves SOj. This gas may be rect^nised by its pungent 
smell and by turning paper moistened with solution of 
potassiiun dichromate (KjCr^O,) green. 

376. Formatlov of Snlphat«.-.WheD sulphur or a stdphide ia fused 
with KNO„ or is heated with strong HNO,, it yields aulphato ; the 
sulphate may be detected in the dilated solution by BaCl: (362, 363). 

377. Free Hydiogea sulphide (H^), either as a gas or in solution, 
is detected by its smell, by its action on PbAj solution (371), and by 
adding AinHO in excess and placing the liquid on bright silver (372). 



SoLPHiTB ('SOg). — Use Sodium sulphite, NajSOg. 
378. HCI, when it is poured upon a sulphite and warmed, 
liberates SO^ ; this gas is known by ita pungent smell and 
by turning E^CrjO^ solution green. A small strip of filter- 
paper may be wetted with the bichromate solution and then 
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Attached by half its length to a glass rod, the other half 
hanging freely in the gas. 

37g. Kaaoent Hydrogen. — Tho addition of sulphite solution U> a 
miitnre of HCl and Zn, which is giring off hydrogen, immediatelj 
causes en evolution of H^.. The H^ maj be detected by its smell, 
or by blackening a piece of lilt^r-paper moistened with eolation of 
PbA,(37i). 

380. Free Snlphnroiu aetd, H^SOs, exists only in solution in water. 
It may be detected by its smell, and by its power of turning solation 
of EnCrgO; Unish -green. 



t Hyposulfhitb ("SjOj)— 
Use 1^828,03.60,0 solution. 

381. HCl oaosea no immediate change in cold tbiosulphate solaUon ; 
but the acidified liquid gradually becomes turbid by the separation of 
yellow S. It then contains H,SC^ which may be recognised by emitting 
the pnngent smell of 80| when it is heated, and by addiug a few drops 
of red K^CtjO^ solution, which change in colour to bluish-green. 

383. SilTer nitrate (AglfOj) gives with thioaulphate solution a white 
precipitate (Ag^O,), which gradually changes to black Ag^. 



WiTEira CNOj).— Use KNO^ 



3S3. Dilnte H^SOf, when it is warmed with a nitrite, canees the 
evolution of a reddish-brown gas with a characteristic smell. The 
colonred gas is best seen by placing the test-tnbe over a white snrface. 

384. Cold FeSOj Bolntlon, when it is added to solution of nitrite, 
cauans the liquid to assume a durk brown colour. The colour becomes 
much more intense when cold dilute U^O, is added. The dark 
coloured substance which is produced is a compound of NO with 
FeSO, ; when the liquid is boiled, the colour disappears, and a reddish- 
brown gas is evolved (383). 

385. Fresh Starch solntioa, if it is mixed with a few drops of EI 
solation, then acidified with HA, and added to a nitrite, gives a deep 
blue colour, which is due to the liberation of iodine. 
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NITKrrE AND HTPOCHLOBITE. 



Hypochlositx CCIO).— Use Blesching-powder soltitlOD, 

containing CaCljO,. 

386. A hjpoolilorite in the solid state, or in Etrong solution, erolveB 
HCIO, which resemblea CI in smell, but is Jess irritating to tbe nose. 

387. HC1, or H^4, if it is added in excess, sets free chlorine at 
ordinary tempentares (him s hypochlorite ; this gas maybe recognised 
by its smell aud by its power of bleaching litmus :— 

CaClsOa + lHCI = 4Cl + CaClj + 2HjO. 

3B8. PbA, Mlntlou.— If hypochlorite solution is added to PbA, 
aolntion, a white precipitate is formed which becaniea yellow and finally 
brown when it is hMtad or allowed to stand. 



Dbibctioh of Aoid-Euiici.113 in Group II. 

3S9. Tha D«t«clion of theie Aaid-iadldeB, when they occur singly, 
prtMUtB no difficulty. Bat when they are mixed their detection is 
frequently a difficult problem. 

The action of dilute H3SO, cansea the liberation of characteristic gases ; 
of these 80i may be detected by KjCr,Oj'paper, HaS by PbA^-paper, 
CI by litmus-paper ; and the biownish-red gaa from nitrite is known 
by its colour and by its smelL CO2 in the presence of mncli 
SO, can only be detected by passing the gases through hot EjCrgO^ 
solution which absorbs SO,, while COj pasaeii on and may be detected by 
lime-water. 

In some cases it is difficult to detect the acid-radicles in the presence 
of one anoUier, since HCIO, HNO„ H^S, and HjSOj react upon each 
other when they are simultaneously evolved from their saltn. 
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REACTIONS OF ACir-BADICLES. [390-392, 



GROUP III.— NITRATE GROUP. 

39a This Group includes nitrate and chlorate. 

Salts of these acid-radiclea resemble one another in many 
respects, more particularly in the fact that none of them are 
perfectly insoluble in water ; hence no metliod of precipi- 
tating them is known. 



Nitrate (NOj). — Use Potassium nitrate, KNOj. 

3pl. F^TOQS Bulpbate and HjSO^. — Add to some nitrate 
solution, cont^ned in a test-tube, about an equal volume 
of strong sulphuric acid (H^SOJ. Mix the liquids well and 
cool the mixture in a stream of cold water from the tap. 
Then hold the tube in an inclined position, and pour some 
strong cold ferrous sulphate (FeSO^) solution in a gentle 
stream down the inside. A distinct layer of the FeSO^ solu- 
tion should thus be formed upon the surface of the acid 
liquid. A dark-brototi film or ring, which sometimes extends 
upwards, will appear where the two layers of liquid are in 
contact. 

The liquids miut be kept cool, since beat prereQia the colonr from 
appearing. 

A mere ytUoie coloor is often prodnced in the absence of nitrate, 
and ma; be disregarded. 

3p2. Copper and HjSO,. — Place a few small scraps of Cu 
in some nitrate solution, and add strong H^04. Reddish- 
brown gas will appear at once or when the liquid is warmed. 
If the colour is faint it may be seen by placing the tube 
on a white surface. 

SHNOj + 30u = 2N0 + 3Cu(N0,)j + 4HjO. 

NO is acolonrlessgu, butit ^fields reddUh-brown NO^bjroxIdatbn 
when it ia mixed with air. 

The liquid becomea bine doling the reRction, owing to the formation 
of copper nitrate in aolation. 
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393. Redaction to Nitrite t^ Kascsat :^rdrogea— A 
nitrate in aolation may be reduced to a nitrite hy the actioa 
of nascent hydrogen. 

Add dilute H3SO4 to some nitrate Bolution, and mii it 
with freshly made etarch-solution containing potassium 
iodide (KI) ; no colour will be produced ; but when a frag- 
ment of Zn is dropped in, the liquid will assume a deep-blue 
colour (385). 

394. Seductiaa to Nitrite by Igniticm. — If a solid nitrate 

is heated to redness with fu^on mixture (MajCOg-fK^CUg).^ 
on platinum-foil for several minutes, a soluble alkaline nitrite oj 
will be formed, and may be extracted by boiling water. A ^ 
portion of this solution may be proved to contain a nitrite pQ 
by the iodine test (385). If another portion of the solution *-i 
is acidified with nitric acid {HNO5), it will be found to give 
no precipitate with silver nitrate (AgNO,) : compare this S 
result with that obtained in the similar reaction for a chlorate ^ 

(3»). ^ 

395. Bl(iirplp«-teit.— When a solid nitrate is fnsed on charcoal p^ 
in the blowpipe-flsme, the Burface of the charcoal bnrua rapidly or <1 
tkfiagrattl. ^ 

396. Igiiition-teit,— Certain solid nitrates erolve oxygen mixed S 
with reddish- brown gaa (NOg) when thej are beated id a gtaaa tube ^ 
closed at one end. The NO, is recognised by ito colour and smel), and 
the i« detected by inflaming a glowlDg splinter of wood. Lead nitrata 
may be used in trying this experiment :— Pb(NO,)i= 2NOs + + PbO. 

307. Hydiogen nitrate, or Nitric add (HNO,), has a strongly acid 
reaction. It gives with FeSOf-solatiou a brown colour (391) ; and 
with Cu a reddish brown gas and a bine solntion (392). When 
nitric acid is cTaporated with qnlll-clippinga, it stains tliem bright 



Chlobath ('ClOg).— Use Potassium chlorate (KClOj). 
398. Strong HgSO^ when it is poured upon a little solid 
chlorate, becomes orange-red in colour, and evolves a bright 
yellow gas (ClOj) when it is shaken : — 

3K010, + HjSOj - 2uiOij + KCIO^ + KjSO^ + H,0. 

.,,..,...,glc 
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This gaa has a smell Bomewhat resembling that of chlorine. 
It explodes readily when it is gently heated ; hence, when 
the mixture in the tube is warmed, crackling sounds or small 
exploeiouB will be produced. 

Caution. — TbU exp«riineiit maj' be danfreroaa unless verj little 
ECIOg is used, and care should be tnkeu that the mixture is only 
gCDtly heated and that the month of the test-tube ia turned away 
from the pei-son. 

39p^ B«ducti<Hi to Chloride by Ignitioa— Silver nitrate 
, (AgNOg) produces no precipitate with a chlorate solution 
which is free from chloride. 

But if some solid alkaline chlorate which is free from 
chloride is heated in a test-tube, the salt fuses and gives off 
oxygen with effervescence, leaving a residue of chloride : 
2KaO, = 2KCl + 302. 

The oxygen may be detected by its power of inflaming a 
glowing splinter of wood (42). 

The chloride in the cool residue may be dissolved by 
heating it with water, and the solution will give a white pre- 
cipitate (AgCl) on addition of AgNOj, which is insoluble in 
HNOj but soluble in AmHO (403). 

This reaction readOy distinguishes chlorate from nitrate, t» will be 
seen by comparing it with the test for nitrate (394). 

A chlorate, which does not yield a solable chloride by iguition, 
must be mixed with faajon-mjxtnre before it ix heated. 

40a Blowpipe'teBt. — If a chlorate is heated on charcoal 
in the blowpipe-flame, it causes the charcoal to deflagrate. 



Detection of MiiBira and cbloeatb. 

401. There is little difficulty in distinguishing nitrate from chlorate. 

When salts uontaining these acid-radicles are present together, they 
more or less interfere with one another's reactions. But in the absence, 
or after the removal, of chloride and nitrite, nitrate and chlorate may 
be detected by beating the solid salts strongly for a short time with 
fusion mixture, and then testing for a nitrite and a chloride (394, 399}. 



402-406.] 



GROUP IV.— CHLORIDE GROUP. 

402. Chlorides, bromides, and iodides closely resemble 
one another in their reactions. They are all precipitated by 
AgNOg ^m solutions to which HNOg has been added in 



Chloridb ('CI). — Uae Sodiam chloride, NaCl, 

403. Sflver nitrate (iLgNOg), when it is added to the 
solution of a chloride, gives a pure white precipitate (AgCl). 
This precipitate collects into curdy masses when the liquid 
is heated or shaken ; it rapidly turns violet in sunlight, and 
it darkens in colour slowly even in diffused daylight. 

This precipitate is insoluble in HNOg ; but it is soluble 
in AmHO, in solution of potassium cyanide (KCy), and in 
solution of sodium thiosulphate (Na^S^Og). 

404. Strong Suli^uric add (H^SO^), when it is warmed 
with 4 solid chloride, causes colourless, pungent hydrogen 
chloride gas (HCl) to be given off; this gas ifiay be recog- 
nised by fuming in the air, by reddening moistened blue 
litmus-paper, and by turning a drop of AgNOg solution 

405. UnOj and E^SO^. — Mix some finely powdered chloride 
intimately with manganese dioxide (MnO^), then add strong 
HjSO^ and warm the mixture ; chlorine gas will be evolved ; 

2NaCl + MnOj + SH^SO^ = Clj + MnSO^ + 2NaHS0^ + 2H^0. 

This gas is recognised by its pale yellow colour, and by 
bleaching a piece of moistened litmus-paper. 

Moist starch is not coloured when it is held in the 
escaping gas. 

XoCe. — Since many punples of cominercial UnO, evolve chlorine 
when they are heated with H,SOt, the MnOj must be carerully 
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tested heioie it is used for this reaction. If it evolves CI, the MnO, 
and HjSOj mnst be heated together aa long aa any bleaching action is 
produced, when moist litmus ia held in the tube ; the snbstance to 
be teeted ia then added, and CI is again tested for while the mixture 
is bf ing heated. 

406. I'ree Hydrochlcoic acid (HCl) evolves chlorine when 
it is warmed with MnOj (40S), and gives a white precipitate 
with AgNOj (403)! 



Bromide ('Br). — Use Sodium bromide, NaBr. 

407- AgKOg, when it is added to solution of bromide, 
gives a ydlowieh-white precipitate (AgBr). This precipitate 
collects into curdy masses when the lii^nid is heated or 
shaken ; it is insoluble in HNOj, easily soluble in KCy sohi- 
tion and in Na^SgOg solution, and slightly soluble in AmHO. 
It resembles silver chloride (AgCl) in these respects, but it 
is distinguished by its slightly yellowish colour and by its 
slight solubility in AmHO. 

408. Strong Stilphuric add (H^SO^), when it is heated 
with a solid bromide, gives off pungent hydrogen bromide 
(HBr) ; the fumes are coloured reddish-brown by vapour of 
Br, which possesses a strong smell and bleaching power, and 
stains cold moist starch orange-red. If MnO^ is mixed with 
the powdered bromide before the HjSO^ is added, Br is 
evolved in greater quantity and more readily (405). 

409. Chlorine-water, or solution of bleaching-powder 
acidified with HCl, if it is added carefully drop by drop to 
solution of bromide, liberates Br, which colours the solution 
orange-red (NaBr + CI = Br -H NaCl). The addition of excess 
of C! must be carefully avoided, since CI combines with Br 
and destroys its colour. 

If carbon disulphide (CS^) is added to this solution of Br 
and the liquids are well shaken together, the Br will be 
dissolved by the CS^ : tbe reddish-brown solution of Br in 
CSg will sink beneath the colourless liquid, when the liquids 
are allowed to stand at rest. 
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Iodide ('I). — Use Potasaium iodide, KI. 

41a AgNOg solution, when it ia added to Eiolution oC 
iodide, gives a yellow precipitate (Agl), This precipitate is 
easilj coagulated into curdy particles by heating or by 
shaking the liquid : it ia insoluble in HNOg, and very slightly 
soluble in AmHO, but is easily soluble in KCy solution and 
in Na^SjOg solution. 

This precipitate differs from AgCl and AgBr by its dis- 
tinctly yellow colour and by its alight solubility in AmHO. 

411. Strong Sulphuric add {H^SO^), when it ia wanned 
with a solid iodide, causes pungent hydrc^n iodide (HI) 
and violet iodine vapour to be evolved. If a rod or strip of 
paper moistened with freshly-made starch solution is held in 
the fumea it becomes blue. 

Iodine is more plentifully evolved, if MnO^ is mixed with 
the iodide, before the H^SO^ is added (405). 

412. CUorine-wJitM', or solution of bleaching-powder 
acidi6ed with HCI, if it is added carefully drop by drop to 
solution of iodide, sets iodine free. The iodine dissolves in 
the water, producing a brown liquid. 

Aofe.— The addition of 01 in excess must be carefully »Toidcd, aa it 
would form coltmrleaa iodine chloride, which does not give the follow- 
ing reactions. 

Divide the above brown liquid into two parts. 

To one portion of the brown liquid odd starch solution ; 
an intense blue colour will be produced. When the solu- 
tion is warmed it will become colourless, but it will usually 
regain its colour when it is cooled. 

The colour will appear black uoless much starch solution has been 
added and the liquid has been largely diluted. Those conditions are 
also necessary in order to ensure the removal of the colour by heat. 

To the other portion of the brown liquid add a drop of 
CSj and shake well ; the CS^ ™i'l dissolve the iodine, and 
will gradually settle down when the liquids are allowed to 
stand, forming a beautiful violet layer beneath the water. 



'Sl-' 
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413. HitroUB add — If a little potassium nitrite (KNO,) 
is dissolTed in solution of iodide, and a dilute acid is added, 
nitrous add (HNOj) will be produced and will liberate the 
iodine from the iodide. The iodine thus liberated in the 
sohitton may be identified by the methods already described 

Nitrous acid presents the advantage over CI, as a meana 
of liberating iodine from an iodide, that the addition of an 
excess does not hinder the detection of the iodine. The 
roi^ent is also useful because it does not liberate Br from 
bromide. 



DbTBCTION of a SIHQLB AciD-KADlCLE. 

414. Chloride, Bromide, or Iodide is easily detected by 
the foregoing tests. The reaction with AgNOj (403) is per- 
haps the most characteristio for chloride, and the reaction 
with chlorine- water and CS^ (409) for bromide, while iodide 
is detected with the greatest ease and certainty by liber- 
ating the iodine by nitrous acid in the presence of starch 

(413)- 

Detiction of the Acid-iudicles when thet are 

MIXED. 

415 Tbe most Convenient Mettu>d of detecting chloride, 
bromide and iodide, when they are present tc^ether in an 
aqueous solution, is described in paragraph 416. 

It consists in testing for bromide and iodide in one part 
of the solution by the chlorine-test {409, 412) ; then driving 
off bromine and iodine, it they' are present, from another 
part of the liquid by heating it with acidified potassiiim 
permanganate (K^Mn^Og), and testii^ this liquid for chloride 
by means of AgNOg (403). 

If a solid substance, which ifl inioluble in irater, is to be tested, 
it must b« boiled with StfiO, solutiaii, and the filtered liquid must 
be elamiiied, as is directed below (416). 
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Some anbstMicea are not decomposed by being boiled with NsjCO, 
soluticiii, aod they requira to be strongly heated with hued NB3GO3 in 
Older to render the acfd-ndiclea soluble. The cool raess remaining 
ttfter the fiision is then extiaoted with water, and the filtered solution 
is subjected to the following examination, 

4.16. To a Fortion of the Solution under examination 
add a. few drops of CSj ; then add cautiously, drop by drop, 
either chlorine-water, or acidified solution of bleachiug- 
powder {409), ehakii^ the liquid after each addition. 

If the CSo does not become coloured, bromide and iodide 
are at^ent, and chloride may be tested for by adding HNO3 
in excess and AgN^O^ to another part of the solution (403)- 

If the CSj becomes coloured, all three acid-radicles may 
be present. 

If the CSg becomes brown, Iodide iB Abs^it and Bromide 
isFreaent. 

If the CSg is coloured violet, Iodide is Present. Continue 
the cautious addition of the chlorine-water with constant 
shaking of the liquid. Either the violet colour will 
disappear, leaving the CS^ colourless, when bromide is 
absent ; or the CSj will become brown, showing the 
Freaence of Bromide. 

Test for chloride in another portion of the solution as 
follows. Acidify it with dilute H^SO^ and add a little 
potassium permanganate solution : a brown coloration will 
appear. Boil the solution in a porcelain- dish until the 
brown colour disappears. 

Add more permanganate solution cautiously and boil the 
liquid, and continue these processes until the addition of 
the permanganate no longer produces any brown colour, 
and the liquid remains pale pink for a few seconds. Then 
add AgNO, : the formation of a white precipitate will denote 
the Presence of Chlotide. 
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GROUP v.— PHOSPHATE GROUP. 

417. This Group includcB phoapliate and arsenate, which 
resemble one another in their principal reactions very 
closely. 



Phosphate ("TO,), — Use Sodium hydrogen phosphate, 
Na^HPO^.lSHjO. 

418. Hagnedmn Biil{diate (1^80^) Eolution, to which 
some AmCl has been added and then a httle AmHO, gives 
with Bolution of phosphate a white crystalline precipitate 
(MgAmP04.6H20), This precipitate is almost insoluble 
in AmHO, but is easily soluble in acids. If very little 
phosphate is present, the precipitate often appears only 
when the liquid has been well shaken and then allowed 
to stand for some time. 

419. Ferric ohlorlda (F«C1,), if it is added drop by drop, after a 
little HA and NaA solution, to solution of phosphate^ gives ay ellowiah- 
white precipitate of FePO,. 

420. Ammoninm molybdate. — When a drop of phosphate 
solution is added to a solution of ammonium molybdate 
(AmHMoO,) in nitric acid, it gives a yellow precipitate. 
The formation of this precipitate is hastened by gently 
warming and stirring or shaking the liquid, but it often 
appears only after a time. The precipitate is only slightly 
soluble in inot^nic acids, and is practically insoluble in 
HXOg. 

Part of the precipitate uiDaUy adheres firmly to the inside of the 
tabe ; this may be removed by AmHO solatian, in which it is readily 

soluble. 
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Tim test ia a moat delicate one. If it U mada with proper care. 

If the Bolntiou to be tested is alkaline, it mnst be made distinctly 
&cid with HNO]. It ia then to be added in small qKaaiity only to 
Bome of the AmHUoO, Bolutian in a test-tube ; and a further quaoti^ 
is only added if no yellow precipitate forma after a fen minutes, when 
the liquid haa been gmlly wanned and atirred. 

This precaution is extremely important ; since the presence of an 
excess o/phospkaie allogdher frevcnta the/ormatioji of Ikt precipitale. 

431. Silver nitrate (AgNO,) gives a yellow precipitate (AgjPO^), 
which is soluble in AmHO and in HNO3. 



Arsenate ('"AbOj). — Use solution of Sodium hydrogen arsenate, 
NajaAaO,.12H20. 

423. The precipitates formed in solution of arsenate by MgSO,, by 
FeClg, and by AmHHoO^, cortespond in appearance and general pro- 
perties with those formed in phosphate solntion by the same reagents 
(418, 419, 420). The precipitate, however, which AgNOs gives with 
an arsenate is brmaii, nhile that given by a phosphate is yellme (421). 



423. The Simplest Method of ascertaining which of these two 
Acld-redicles is present is to filter off the precipitate, which has been 
produced by the addition of AmCl, AmHO and UgSO^, then wash it 
with a little cold water, and drop AgNO, upon it. If the precipitate 
consists of arsenate it will become brown : if it consists of phosphate 
it will become caTtary yellmi:. 

424. Ihe folloiriiig Differences serve to Detect and Separate 
PhoaphAte and Anenate : — 

1. Arsenate yields a precipitate with AmHMoO^ only when the 
liquid is boiled ; whereas the corresponding precipitate with phosphate 
is produced by a gentle keaL 

2. Arsenate aolntion which has been boiled with strong ECl gives, 
when HaS is passed into the hot liquid, first a white precipitate of S 
and then yellow As^ ; phosphate solution under the same circum- 
staoces gives no precipitate. 



'Si-' 
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3. In per/tcUy neutral anecate aoluUon A.gSO, prodnces a brtmm 
precipitate ; ia phoBphate Eoiutiou it prodacea a eanary-yellovi 
precipitate. 

415. If both Arseuale and Phoaphate ha-te to be t«ited for In % 
liquid, AmCl, AmHO, and MgSOj are added to it as long aa aoy 
further precipitate is produced. Part of the precipitate la then filtered 
off and ia t«atedat once for araenate by washing it and dropping AgfiO, 
solution upon it If the precipilJite turns yellow, PhoaphaU alone ia 
preaetU. If the precipitate turna brown, AraamU u praent, and must 
be separated flroni the other part of the precipitate before phoapbate 
can be tested for. This ia effected aa followB. 

The reat of the precipitate is filtered off and dissolved in a little 
boiling strong HCI ; H^ is then passed for several minntsa into 
the hot solution, when the preaence of arsenate is conflnued b; the 
precipitatioD of white S fallowed bj yellow As^,. This precipitate is 
filtered olf and H,S is again paaacd into the boiling filtrate. If any 
further precipitate ia produced, the ga« moat be further passed into 
tlie boiling liquid until it no longer causes a precipitate. 

The liquid is then filtered, the clear filtrate is evaporated juit to 
dryneas, and the residue is dissolved in a little dilate HKOj : a fow 
drops of this solution aro added to some AmEMoO^'Sohitiou and 
the liquid ia gently warmed 1 a yellow precipitate will indicate the 
Preaence of FhoajiuiU (430). 

426. Araenite may be tested for by acidifying the filtrate from the 
above Hg precipitate, aod passing H]S ittto it : yellow AsjSj will be 
precipitated at once if arsenite is present 
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GROUP VL— UNGROUPED ACID-RADICLES. 

427' The followiog acid-radicles show no general re- 
semblance to one another in their reactions : ohromate, 
silicate, fluoride, borate, and permanganate. 



Chromatb ("CrO^), — Use Potassium ohromate, K^CrOj. 

All cbramates are more or 1«S3 yellow or red iii ooloar. A jrellov 
nomuil chromate in solotion bocomes red when it is scidiGed, ind ia 
changed into a dichromato. . 

428. Yarious substances, which readily combine with 
oiygen, deoxidise acidified solution of cbromate with pro- 
duction of a chromic salt : the deoxidation is accompanied 
by a change in colour of the solution from orange-red to 
bright green. 

Show this by adding HO or HjSOi to some KjCrO^ 
solution, and then deoxidising the red solution of E^Cr^O^ 
by one of the following metbods. In every case the colour 
of the liquid will change to bright green. 
a. Pass HjS into the hot solution ; white S will separate, 
owing to oxidation of the hydn^en of the H^S by 
the chromate. 
h. Add sulphurous acid (H^SO^) and warm, 
c. Add alcohol and boil ; the smell of aldehyde will be 
noticed : the aldehyde is the product of oxidation of 
the alcohoL 
The following equation shows the reaction which occurs 
with HjS :— 

KjCtjOj + 3HjS + 8Ha - 2CrCl3 + 2KC1 + TRp + 3S. 
The green solution resulting from the above reactions will 
give tlte reactions for a chromic salt (260-262). 

'Si^ 
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Since ohromic add is redaced by boiling HCl and by HgS to chromic 
salt, tbe presenca of chromate will l«ad to the precipitotioD *ud 
detectioD of CrHjO] in the ordinary conrae of aoaljeis. 

429. AgKOj : purple-red precipitate (Ag^CrO^) : soluble in 
AmHO and in HNOg. 

430. Lead acetate (PbAj): yeUow precipitate (PbCrO^): 
soluble in KHO, insoluble in HA. 



Silicate ("SiOa). — Use Sodium silicate (NajSiOg) solution, 
and fioelj ground sand (SiO^) for a solid. 

431. HOI, if it is added drop b; drop to a solution of 
silicate, while stirring or shaking it, will give a gelatinous 
precipitate of silicic acid. If the solution is dilute, the silicic 
acid frequently remains in solution, hence the non-appearance 
of a precipitate is no proof of the absence of silicate. 

432. HCl and Evsporation to DrTuess. — If silicate is 
present in small quantity in dilute solution, it may be 
detected by acidifying the solution with. HCl, then evaporat- 
ing it to dryness in a porcelain-dish, and heating the residue 
to 100° as long as acid fumes are evolved. Insoluble SiO^ is 
thus produced, and will remain undissolved as a white 
povfder, when the dry residue is stirred and warmed with 
strong HOI. 

During the last part of the evaporation over the flame, after the 
silica haa separated as a gelatinous maaa, spirting will occur nnlesa 
the heat is lessened and the residue is stirred with a gtasa rod. 
Spirting is best avoided by finishing the evaporation upon a water- 
hath (p. 63) OS soon as the liqnid thickena. 

The SiOj powdar, which is left undissolved by HCl, is rendered 
visible by stirring the liquid and pouriug it quickly into a glass vessel. 

433. Phosphate bead.— When SiO^ or a silicate is fiiaed 
into a bead of microcoamic salt (NaAmHP0^.4HjO), it is 
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not diBSolved ; but the SiO^ floats about in transparent 
particles in the liquid bead, and is visible as little opaque 
masses when the bead is cold. The particles of SiO^ are 
usually most easily seen while they are in motion in the 
fused bead. 



Fluoride ('F). — Use finely powdered Fluorspar, CaFj. 

The otdiuarjr teats for llttoride depend npon th« libentioa of 
hydrofluoric acid, which is allowed to act upon • glua BnrliMe and to 
<tcA or corrode it. 

434. Strong Sulphuric add, when it is warmed with a 

little f.7iely powdered fluoride in a test-tube, liberates hydro- 
fluoric acid (HF). This acid etches the glass, and causes the 
sides of the tube to throw off the liquid when it is shaken 
gainst them, as a greasy surface throws off water. 

If the cooled mixture is washed away and the inside of the 
tube is perfectly dried, it will be found to be dimmed. The 
roughness of the etched surface is easily felt by rubbing it 
with a glass rod. 

435. EtcIuDg a WatdtglBBS.— The above test is made 
much more delicate, if it is carried out as follows. 

The convex surface of a watch-glass is heated and is then 
rubbed with a piece of paraffin wax ; it is thus covered with 
a layer of melted was;. 

As soou as the was has set, lines or characters are traced 
near the middle of the glass by gentle pressure with the 
point of a penknife. This removes the wa.i from theiic 
parts without scratching the glass. 

The glass is then placed, with its coated surface down- 
wards, as a cover to a platinum crucible or small leaden 
cup, which contains a little finely powdered fluoride and 
some strong sulphuric acid. After some cold water has 
been poured into the glass, to keep it cool and to prevent 
the wax from being melted, the bottom of the metal vessel is 
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heated for a short time by a very small flame, and the 
covered vessel is allowed to stand for about fifteen minutes. 
The watch-glass- is then removed, and is cleansed by hold- 
ing it above the flame and quickly wiping off the melted 
wax. The lines which were traced through the wax will now 
be seen to be etched upon the clean bright surface of the 
glass. Faintly-etched lines will be more easily seen when 
the cold surface of the glass is breathed upon. 

436. Silicon flnoilde Teat. — Tbe above methods do not 
serve for the detection of fluoride in the presence of silicate 
or of silica, since under these circumstances the action of 
H2SO4 liberates silicon fluoride (SiF^) instead of HF. 

SiF^ posaesses no power of etching glass; hut it produces 
white fiunes in moist air, and when it is passed into dilute 
AmSO, it yields a colourless flocculent precipitate of gela- 
tinous silicic acid and H^SiPg in solation. 



B0B*TI(B03).— Use Bor»i, N»,BjO,.10HjO. 

437. Tnrmeiio t«sL — Powder some borate finely, And xtir it with % 
little dilate HCI od ■ wstch-gUss. Immene the lower half of a strip 
of tiumerio paper in this liquid, and ilry it on a watch-glass at a 
moderate heat either in the steam-ovei] (p. 162) or npon a water-bath 
(p, 68), or above a small dame. The part of the test-puper which 
eoDtaiDB borate will appear rtddiah-broion, and will became bluith-black 
when it is moistened with AmHO. 

438. Aloobol flame Ooloration. — Pour alcohol upon aoine finelj- 
pondered borate in a test-tube or porcelaiunlish : add a little Btroug 
BDlphttric add ; thea heat the mixtDre and kindle the spirit The 
flame will show a grtat tdge. This coloration is sometimeB only seen 
when the flame ia blown out after it has burnt for a time, and tbe 
spiritis then reldndlcd. 

439. Hydrogen bcnate, or Boric aold (H^BO,), usually occurs com- 
biaed with 2HgO as a orjstalline scaly hydrate. When this substance 
ia strongly heated it yields a fusible glass consisting of B^^. 

Both the acid and the oxide are soluble in water and in alcohol, and 
when these solutions are evaporated, the acid partially escapes with 
the vapour of the liquid. 
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The BolntioD oC borio acid changeB the blue colour of litmns-puper 
to a dall red. Tha >cid is readily detected b; the tnimeric teat {437) 
or by the alcohol flunc'colormtiou test (438) : it aiao gives a green 
flame coloratioD when it is held id the Btuiaen flams on a platinum 



Fbkhamoanatb ("MiijOg). — n«e Fotassiam permanganate, KgHnjOg. 

440. Bedndiig AgvaU. — The addition of redacing agents, auoh as 
90j, H^, and acidified KNOg solution, at once destroys the deep 
colonr of tlie solntion of a pennan^nate, fanning a nearly coloDTless 
manganese salt. 

441. EHO, vhen it is added In excess, caoses the purple coloor of the 
solntion to change to green ; the original purple colour, however, ia 
restorad again when this liquid is acidified. 

442. Eaated witli Add. — Solid permanganate, or its strong solntion, 
gives off ozjgei) when it is heated with dilate H,S04, and chlorine gas 
when it ia heated with HCl : the purple colonr of the permangMiate at 
the same time disappears. If the sulphnric acid is s^ng, the gas is 
evolved with explosive violence. 
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SECTION XIII. 



ANALYSIS OP A SUBSTANCE OP HNKNOWN 
COMPOSITION. 



Tli« umnbera in brockets la thb section refer to the paragraphs in 
the teit in ivbich tbe testa or processes to be employed by the student 
ftre fall; described. 



Intkoduciory Remarks. 



45O- In detecting tlie Metals or Acid-radicles in a complex 
substance it is usual to make a few preliminaiy experiments. 
These are most satisfactorily made upon the substance in the 
solid state. 

The substance is then dissolved in water or in acid, if 
it is not already in the liquid form, and the Analytical 
Groups to which the metals present belong are determined 
by addir^ the Group-reagents in suitable order. 

In the Table on page 167 the metals are classJIied in tbeir Analytical 
Groupe. The number of tbe Group is placed at the head of each 
coluiDD, and the name of the Group, together with the name of the 
Group-reagent, is also given. 

After the Groups to which the Metals belong have been 
determined, the metals are identified by making a careful 
examination of the Group precipitates. 

The Acid-radicles which have not been already detected 
by the preliminary experiments, or during the examination 
for the Metals, are found by special tests, 

,;,, -.....(CoO^lc 
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Substances which are insoluble in water and in acids, or 
which are metallic in nature, usually require to be examined 
by special methods. 

Traces of substances should always be looked for. This 
precaution especially applies to sodium, which will be 
detected as a minor constituent or impurity in most sub- 



It should also be noted that an acid may be considered to 
be a hydrogen salt, and hydrc^u may therefore be found 
instead of a metal. Further, there will be no acid-radicle 
present in metallic substances, in oxides, and hydroxides. 

In making the analysis each result must be fully entered 
in the Note-book as soon as the expenment has been per- 
formed. The form of entry of the results of the analysis 
should be generally that of the Analytical Tables. An 
example of entry is given at the end of this Section {539)- 



Pbelimihary Examination of the Substasck. 

451. Before proceeding to employ the full coui-ae of 
analysis, it will be well to examine a few substances for 
Metals and for Acid-radicles by the Preliminary Tables 
given in paragraphs 466-487. For a detailed account of 
any test in these Tables the student should refer to the 
description which is given of it in the preceding Sections. 

452. In the Prelimuiary Tables (466-487)1 the principal 
tests are marked thus—' Expt. I.' These stand in the first 
oohimn. 

In the second column are placed the results which may 
be noticed on trying these experiments ; a glance through 
these results will forewarn the student of what has to be 
looked for. The main- classification of the results which 
may be observed is indicated by black-type letters ; the 
subsidiary divisions are marked by small numbers and 

L)i,--Ki.,Cii.>o^le 
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italics; and the individual results are simply placed in 
saccession in a vertical column. 

Occasionally an observation is made which it is advisable 
to confirm. The Confirmaiori/ Teat is then entered in the 
first column just below the original observation, and is 
marked Confirmaiory to distinguish it from the main experi- 
ment ; its results are placed beside it iu the second column. 

The student must understand that any of the results 
which are entered in the second column may be observed. 

A few salts and mixturea should be subjected to a careful 
Prehminary Esamination by the student. The regulis tliovld 
be eatered, as soon as they Jutoe be^n obtained, in the tabular 
form as is shown in paragraph 539. 



EXAHIMATION FOR MkTAIA IN SOLUTIOH. 

453. After the Preliminary Examination of a substance 
has been completed, the substance is dissolved (489), and 
the Systematic Examination of its solution is commenced 
{495). Before eiaminii^ the solution for Metals, the fol- 
lowing general explanation should be attended to. 

454, It is necessary first to Sepaiate the Uetals into 
Groups by adding the Group-reagents in such order that 
each rei^ent precipitates the metals of one Group only, 
leaving in solution the metals of alt other Groups which may 
be present (203)- 

The first reagent added ia HCl, which precipitates only the metala 
o( Group I,, and leaves the luetala of GroDps II., III., IV., and V. in 
solution. Henue if a precipitate is obtained on adding eiceaa of UCI, 
it is filtered off; any member or members of Gronp I. will then be 
present upon the filter, while the members of all other Groups will 
remain in the flltrste. 

When H5S is passed into the filtrate,* raatals of Gronp II. alone will 
be precipitated and ma; bs filtered ofT. 

' Or solution, if no precipitate has been obtained, and filtration has 
therefore been unnecessary. 
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The filtrate,' after the removal of H^, and the eotiTersion of all Fa 
into ferric salt 1>7 boiling with HNOj, may b« mixed with AmCl and 
eicess ofAmHO. The AmEO will precipitate any memhere of Gronp 
III.A, while memhen of Group III.b and Mg will remain dissolved by 
the AmCL 

The addition of AnijS to the filtrate * will then separate the metals 
of Group III.B as sulphides. 

Group IV. is precipitatedfrom the filtrate* b; the last Gronp-reagent, 
AjujCO,. 

The filtrate* ia tlien examined for Group V., since the members of 
this Group are not precipitated by any Group-reagent and may there- 
fore still be present in the solution. 

455. Additioii of Seagents in Xixcess. — Each Group must 
be completely precipitated before the next Group-recent is 
added. If any precipitate has been formed by a Group- 
reagent, it is therefore necessary to add that reagent in 
excess before proceeding to add the next one. 

The general method for ascertaining that a Gronp-reagent is present 
in excess consists in adding a few drops more of it to the liquid, which 
hsa been rendered clear either by filtration or by letting the precipitate 
settle. If any further precipitate is formed, the whole of the lii^uid is 
weU stirred with more of the reagent, aud the clear filtrate is then 
again tested in the same way. This process most be repeated until no 
turtber precipitate ia caused by the addition of the reagent , 

In certain cases the presence of a reagent in excess is detectable by 
its' smell, after the solution and reagent have been well mixed, and 
the air above the liquid has been blown ouL This is the case, for 
example, with H^ and with AmHO. In other cases, as far example 
with yellow Am^S, the preseoce of an excess is indicated by the colour 
of the filtrate. If the reagent causes the reaction of the liquid to 
change from acid to alkaline or like versa, test-papent may be used to 
detect ite presence in excess, 

456. Washing Group precipitates. — Before examining 
each Group precipitate, it is necessary that it should be 
washed thoroughly from adhering sohition (l88). 

457. Evaporation before predpitating the Third Group. 
— If certain substances are present, such as fluorides, borates, 



* Or solution, if no precipitate has been obtained, and filtration hoa 
therefore been nnnecesaary. 



'Sl-' 
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or Bilicateg, it is necesaary to -remove them by evapomtion 
and ignition before proceeding to precipitate Group III. 

But if fluorides, bomtea, and silicates are known to be 
absent, it is sufficient to boil the filtrate from Group II. 
until it has no smell of HgS, and then to add a few drops of 
strong HNOg, and continue the boiling for several minutes, 
in order to completely remove H^S and to convert ferrous 
into ferric salts. 

The method of examining the precipitates in Group III. 
may be influenced by the presence of phosphate in the 
solution (515). 



Examination for Acid-Radiclbb ib Solution. 
458- The Eiamination for Acjd-radicles (519 et aeq.) is 
somewhat less systematic than that for Metals. It is usually 
preceded by the precipitation of the Metals which might 
interfere with the tests for Acid-radicles. Certain Acid- 
radicles cannot be detected in the Prelinunary Examination, 
and will always be found by special tests in this fuller 
Ksamination. If no metal is present, the substance will 
usufdly be an acid or hydn^en salt. 



Dktbotion of Oxides and Htdroxidrs. 

459. The presence of Oxides is iiaually shown if a metal is 
found, but the substance contains no acid-radicle, and does not 
present either a metallic or saline appearance. Many oxides 
may be recognised by giving off oxygen when they are heated, 
but they are commonly detected by their general appearance. 

460. Hydroiidea resemble oxides in having a non-metallic 
appearance and in containing no acid-radicle, but they 
usually differ from oxides by giving ofi" water when tbey are 
heated. 

Both oxides and hydroxides which are soluble in water- 
usually give an alkaline reaction to test-papers. 



ANALYTICAL TABLES. 



GENERAL COUESB OP ANALYSIS FOR 
SOLID AND LIQUID SUBSTANCES. 



I. THE SUBSTANCE FOE ANALYSIS IS A LIQUID. 

461. Teat its reaction with blue litmus paper, and with 
turmeric paper. 

Observe the colour (464), smell, aad any other special 
property of the liqiiid. 

462. Evaporate a few drops of the liquid upon platinum- 
foil, thin glass, or porcelain, smelling it occasionally: — 

1. A Bemdne ia left— Evaporate a portiou of the solution just to 
dryoess in a porcelaib-disli, nithont heating the sabstance after it is 
dry ; eiainiue the residue, if time permita, by the Preliminary Tables 
for Hetala and Arid-nidiclea (466 et uq.). Examine tbe larger part of 
the solution for MetaU by the General Table (495), payiug attention 
to paragraph 406. Beaerve the rest of the aolution for the Examina- 
tJOQ for Acid-radiclea by paragraphs 519 el seq. 

2. TSIo Besidae ia I«^— The liqaid lanst consist of some volatile 
substance. This may be either pure water, or irater containing certain 
gases or volatile sabstancoe sach as (HH^l^O^ C0» NH„ ECl, H^, 
SO9 Br, which may be easily detected by apedal testa. 
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II. THE SUBSTANCE FOE ANALYSIS 18 A SOLID. 

463. Carefulty note the Appearance of the Bubstance, 
using a lens, if necessary. If it is metallio and lustrous, it 
is usually a metal or an alloy. 

'' Note whether it is CiystaJIine or AmorphonB. 

Also test its HardnflBS, and try whether it is Hagoetic. 
Fe, Mn, Ni, Co, and certain of their compounds are magnetic. 

Note also whether the substance possesses any charac- 
teristic SmeU or Colour. 

464. The following are some of the more commonly 
occurring coloured compounds : — 

{^Blae: hjdrated capric Baits, and snhydroas cobalt salts. 

Onea : certain ferrous salts are pale green ; CuClj, salts of Ni, and 

certain componnda of Cr are iatense green. 
YelleU) : BgO, normal chromates ; manj ferric salts are brownish- 

Sed: HgO, Egl], HgS, PbjOj 1 dichromatee are orange-red: per- 

manganateB are pnrple-red. 
i^iut .- salts of Hn are delicate pink ; hydrmted salts of Co are 

reddish -pink. 
Srovm : Fe,0„ PbO, ; PbO, BijOj, CdO, are lijjht bron-n. 
Slack: CnO, HnOi, FeS, CojO,, FejOj. 

While: anlijdroDs ferrans and Cu salts, and many otbsr substances. 
ColourltM : a large number of colonrleas cryetailine sabstanoes are 
".^ known ; these, as well as manf of the faintly-coloured bodies, 

^ yield wkUe pondera when they are crushed. 

465. After the above examination has been completed, 
the solid substance is reduced to the finest powder possible 
by rubbing it in a mortar. If the substance is soft, an 
ordinary Wodgwood-mortar may be used; but hard rock- 
specimens and minerals require to be first crushed in a clean 
bright steel-mortar by blows ot a hammer, and to be after- 
wards pulverised in an agate-mortar. 

A portion of this powder is submitted to the testa 
described in the following PreUminftiy ExaminatioDs for 
Hetals and Add-radides, the remainder being reserved for 
the fuller method of examination in solution (489 et eeq). 
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FOK THE METAIA 



46a, Exn.I.— HwtnH 

(inutltyoftlunibttt 
in *a i^Lition-tnbe. 



4G8. Conjlrmotoiy.— He»t 
another portion at the 
anbatanoe, mlied wltb 
about threa tlmea as 
much NagCOj in flue dry 

Ewder Biid Bllttle KCy, 
UL l^itlon-Cube. 

4<0. Confirniatorv, —Poxtt 
■ little itroog KHO-ulu- 
tlOB upon Bom» of the 



47a. Can/irmotort/.—'bun- 
Ine toe drops of water 
on tbe eidea of tbe tube 
with blue litmiu and 
turmeric papera. 



I. Cenfinaatoni.— -Intro- 
dace a slo'^ine apltoter 
ol wood into the tub«. 

L Confirmatory.— iDtrO' 



L The nbttiniH Bhufa*. 

. It ehangtt caltntr : — 
ratov, hot., WhiU.eoW. 

Tdtoa, Itratm „ Ytaow, „ 
FeKoto-firown, „ Tttlau, „ 
Slack, „ I Broim, „ 

, fVam Pink or Bad to Sim*. 

Brum Breen or Blvt (o BtaA, 



Mn compounda and 

pemuuiganatea. 
CUCO3, Cu(NOsV 



£. Itfutei, andbtarmatolid again 



SBltofalkaU4netd,<N 
poialblT salt ot Bit 
Sr, Ci^litg. 



S. Ittubl^aet. 
White aablhoate 
Slack BUblimata 






OK; mirror, which, when mbbed 

with a apliDter of wood or a 
glua rod, or when examined bj' 
a lena, ta seen to cootUt oI glolk 
ulesof Hg. 

Blacklab-brown shining mirror . 

NH, is given off, imown by Us 
amell and by tumiug moiit tur- 
meric paper brown. 



HgCla,ABA.NB 

rree a, or polyanl- 

phlde. 
FreMDce ol I. 

Preaedce at Hg. 



Ttu lubitarut ffivti off Wattr. 
The water i* alkaline 
Tbe water la acid . . . . 



Frobab^ SUt 

Freaence at a Ti 
acid, aach a> I 
HCl, H^flf 



»■ Vapour i> gnen of. 



Keddlib-brown Ditrogen tetroilde. 



acme anlphur com- 

Nitrate or nitrite of 1 
heaiT metal, eucii u 
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Intennce. 


47J.Bm.n.-IHpa<leui 


The lobMMHM Ooloiin the Plme : 




srssiiss; 


1. IfUen^yiUou, . . . . 


Na. 


udhglditmOioBimHi. 






flmw. 


tbt Indlgo-prlBm; a crimen 






colour il lesn. 




d»p gf Mnmg HCl ui 






Oon^u' ths hutia; 


i. Pale Oac. crSmioD tbrougU) 
the ludlKO-priuu . . .f 


K. 




<. Pmnwm, aajae Ibrough the\ 
Indlgo-prtm. . . ^ .> 


"»» 




St. 




thro^Mtte Indlgo-pritm . / 


<x 




8. Brighlgrem .... 


Boric acid, Cn. 




A blDe colour ixoenBtter) 


On. 








'■'""(ST. : : : 


s^.'?^- ■ 




a. PofcJIue 


Sn.Hg, 


'%^-^SsS"S 




Naa.oroUi«a7«id. 
Uueaalt. 




■tuus, in ■ BBull amtj 






rKLS»I'S",£ 




ChlomteornllMte. 


Uowplpc-flung. 


auuu thuoiwl to bun n^Oj. 








Salt or alkaU-nietal, 




li alMorl.ed by the chai™.!, or 




lormik liquid bead. 




D. In InfiulUt BuUne ia left od 






theoharcoal:- 






1. Tht mtiut it While and wr,, 


Probablj BaO, 8rO. 


^'uch ■portion of the 


Lvminaui whOit Iwt. 


3;„"«. "■»' 




B»0, arO. CO, JUKI 


paper. 


the KiiduetobedkaUne. 


poadblyMgO. 


'len the renldue ob the 


A Blue nadaa. the colourol which 
does not d)»ppew when the 


*^n.^.^;«I: 




naidnelalnleDMlj heated. 




:sa%T.!sa 


A^PJntre^ue . . . . 


MgO. 


.trowlj: ^^ 


AOrsmroBldBB . . . . 


ZnO. 
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FOB THE METALS. 



kU qOBDtltTof tlie >Db- 

_.. .K« In a dasT oolonr- 
leHbani-beul,Bnl In tlis 



47a. CanflrBUOory. — The 



cofd. j 

Yioltt,ltBt,aDi\ 



Qreen, hot nod \ 
Rtddith^fHirpleA 



Siae,' hot am 
cold . . , 

Orey or opaqa. 

0KH4r«n,lu 
■ndoold . 

Cnen, hot aoi 

Mdd . 
CtHatrUai, ho 



^IWlglhfl 

plulnum^ 



lAght ydivw mass on oooUnt . 
SuSih^gnen man on oooUtig 



479. Con/ImuitDrv. — Heat 

BlaTwe, mixed wltti pow- 
dered KCt and NagCOj, 
dn chaicoal In the biner 
blowpipO'llame. 



, CimfimMUory. — Teit 
be malteabUltr of f- 
lobDle, and whether 
laika papa (iSf). 

See A'oU below. 



White, I 



Incnulatlon. 

None, or tmtI 



irKiti,aodwh 



NoU. — When the sabstancc to be exuuined oontatni several bodies, 
they freqnentty more or less muk one another's reactions : hence the 
comiMiBitiDnof many oom^lei mixtnrea is onl; roughly indicated by 
the Preliminary Examination, and mnst be confirmed and established 
in tlte wet way, Uany substances, more particuUrly minerals, how- 
ever, c«n be completely analysed by a carenl Pnlimiaai; Exunination. 



PRKLIMTKABY EXAMINATION 
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PEELIMINAEY EXAMH^TATION FOR ACID- 
RADICLES. 



481. The substance ia required for this examination in the 

Btate of powder or of strong eolution. 

Note. — If levertil Acid-radiclea are present, their reactfoDS- may be 
more or lass perfectly concealed or altered, hcDce failure in obtaining b, 
certain reaction does not in all cases neceasorily prove the absence of 
the Acid-radicle. 



Kxperlinent. 


Observation. 


Inference. 


tBi. BZPT. l.-tnkt 

HCl, nsta tha n- 
•ult, udthanbMt 


Ona or wan at tha fDl- 

1™™ e»« =..7 be 

amlvBd:— 
A colourlsu en wllhont 

smell, which tomsUme- 

Hoter mUk;. 






A eaa dI BUlTocAthiB smell, 
which turns KaOiaO, 


sulphate In the preaeuca 




. at the same time. 


■^IS""-"" 




A goi with [etld odour, 
which blackens tbU 
solDUon. 


H,3 from sulphide; or 
posalblf from sDlphlte 
orlhiOBUlphlle,lf fnor 
other reducing agent is 




A jflllowlsh-gresn gu ot 
■nSocallng smell, which 

' hleochas moist litmus 
paper. 


on an oxidising sob. 
stance, snch as MaOz, 




A reddish gai. 


NO: from nitrite. 


483. EXfT. IL— Saitt 
usthai portioii of 

thenbilwojtaiitlr 


i. A eu 1> CTolved with 

nunea In Xtt-- sir. and 
renders AgNOj salutioD 


ohlorlde.'taonlide, Iodide, 


MnOa Am fr>m 


A yelloa ma Is given off 
with strong smell, which 

paper. 

Bnmm vapour Is elven 
off, which colours a little 
molMi itarch powder 


FrobablT Cl from chloride. 




off, which colonre a drop 
of starch-paste Wat 


I from Iodide. 
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Obierratlon. 


Infereuoe. 




& A be«T7 tuuHnK intla- 


HP from finorido; oon- 




i-ans-'sii 


Arm bj- pat. 630. 




«s-,:a-a,sr,i 


^i^.— The HF, aeUng 
nponthe>ilioaoft(iBBl«8, 
eyoLves SiF,, whieli la 




s.r'.br'X"!. 




detected br holdiui a 




wuhed out end tho- 1 moiatened gla» lod <n 1 




TOUghljidried.thHlnBLdBlOie gu ; BiOa !■ depoil- 




!■ seen .0 ba corrodeil 








upoDlL 




3. Th. add Jxmtt or. 






raUdA, uinellT letn 




Drop feto the hot 


only OD Aatlinir oftor 
adding k tew fntpnenU 




liquid a few >maU 


otCu. 


FreNnce of nitrate. 


pie«.oI copper. 


If po brown lumM i» 






A iark-broan ring or 




Boil some ol the 


Urer forma upon the inr- 




solid subslMiai with 


fuceotlheiioid. This ii 






beat Men when the Ugnid 




o( the llqnid luh- 


has been cooled bv Im- 




BUDce; cool, add 




in eqnal Tolume of 


S.ld ^if '***' 


pTMeuceofi>ltn.t& 


and eool, anS pour 
















f eaOi euelullT iu 
upon Uis top of the 






Hid liquid. 


*"reddli£.rellowra"'l » 
yoUow gu ia erolied 








Preaenoe of cblonta 




^d" bleathe. lltmiii: 






on heating the eeld, 


.Votft-For the deteo«on 




siplotloa or cnckbng 


of nitrate and chlortile 




ocoura. 


when Blisd, Ke par. 




S. The labstaaoe ehangea 


Wl. 




from rellow to grHn, 






being avolTed ai li 






^^tjtr^ 






PraenoeofdinanatB. 






CI from chloride in the 




s«eaa 
















T. The aame gu a) In e. 






but coloured nidith- 


Cblorido In preience o( 
nitrate or nitrite. 




bmun by nltioui fumes: 






Chloride in pieeeuoe of 




brown bjCrOCl^ 






8. Pnrplefumea ate given 






off with eiplotlT. vio- 






lenoe. 





487. The S praant in a snlphide, trliich is not dMomposed by dilute 
HCI, is detected by fusing the ptnrdered aubatanoa with two or three 
timesasmuob fasionmiitnre(NaiCOi + K4COi) in a corered crucible, 
boiling with a little water, and placing a drop of the solutioQ upon » 
bright silver coin, when a dark stain will be produced (372}. 



PE0CK8S OP SOLUTION 
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EXAMINATION FOR METALS IN SOLtJTION. 



488. After the Prclitmnary Examinatioua have been com- 
pleted, a solution of the solid substance must usually be pre- 
pared, and this solution must be submitted to the fuller and 
more Systematic Examination, which commences at par, 49S. 
This is often termed " The Examination in the Wet Way," 



PBOCESS OF SOLUTION. 

489^ A portion of the solid, reduced to an impalpable 
powder (465), is boiled in a flask or boiling-tube with distilled 
water : if it dissolves entirely, proceed to par. 495. 

If the powder does not dissolve, allow the liquid to stand 
until the undissolved portion has in great part settled, then 
decant through a filter : the filtrate is Solution I. : — ■ 



Kulliu In fluk: boll with dilute HCl (49>), >UDir tnj r«>ldue to tetUe. 
decant through the Alter uied abOTO Tmj) ; npeat thla prooeu, and 
flnslly boll the realdue with strong Ha let «ttle, uid deoMii through the 


HQBDlatlan, 

Solution n. 


Seridua: heat with dilute, then with atronc HNOt (494), 


tiltntait 

HNO3 Solution 


dluolTe It, dilute the acid miitnn and 
deoant It throuah the Olter .■-^ 


Kltntoli 


X>dd»: waih weU wUh 
miter, dry, and examine 

Insoluble in water and 
«eld.0B4«««.i 



490. Tlie Separate Oomponud SabatanocB wblch are preaent in a 
Oomplex mixture may freriuently be discovered bj carefully notiugthe 
action of the different aolventa mentioned above, 

Thna wlien the anbBtance baa been heated with water, tbe water may 
be tested by means of test'papers, or by evaporating a few drops npon a 
wBtcb-glass in order to ascertain wbetber any portion of the aubetance 
has been diaaolved. If anything bas been dissolved this solution may 
be analysed separately. 
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Eteb Bolution m»f be rimOuly essmined by evspotstion, ud wpa- 

Mtely uulyeed if necessary. 

By thu procedure the oompoaittan of each of the compoondB which 
waa origiailly pieseot in the mixture may in many cases be aacertained. 

4pl. Solutiona I., II., III., IV. need not usually be 
examined separately. The following will be the usual 
method of procedure. Add to I. a few drops of dilute 
HNOg, and if no precipitate is produced (496) acidify it with 
HCI ; add also to solution IIL some HCl. Any precipitate 
which is produced by HCl in these solutions is filtered off 
and is examined by Table I. (5I0). The solutions I., 11., 
IIL, IV. are then mixed together {see Note), and any pre- 
cipitate which is produced by mixing them is examined by 
pars. 534 et seq. as an insoluble substance. 

JVoif, — It U beat to boil down solutions III. and IT. respectively, 
in order to get rid of most of the HNOs which they contain (494), 
before mixing them with solntions L and II. 

The mixed solutions are then examined by pars. 495 et eeq. 

N0TB8 ON THE PaOCBBS OF SoLITIOS. 

492. Any changes which occur on the addition of HCl sbould be 
noted down. The evolution of gasea will have been already observed 
and recorded in the Preliminary Examination (483). 

493. When the hot HCl solution is cooled, crystals often separate. 
These usually consist of PbCI,, raraly of BaClj. The crystals are 
filtered oft and dissolved in • little boiling water. Ba is easily found 
by its green flame colanition. The formation of a bright yellow 
precipitate, on the addition of EjCrOi to the solution, proves the 
Preacm^e of Fb. 

If Pb has been found, end a residue is left after tiie original substance 
has been treated with HCl, this residue may consist of FbClj. This 
salt may he dissolved by boiling it with water, and the use of HNOj in 
completing the solution of the sabstance is thna avoided (494). 

494. HNO, seldom requires to be nsed in diosolving a substance. 
When this acid is employed, the quantity used should be as small as 
passible. Host of the acid should also be removed by evaporation 
before the solution is analysed, since in the course of analysis it 
decomposes B,S with separation of S, and thus hinders the precipita- 
tion of Qronp II. Evaporation may sometimes be dispensed with by 
diluting the solution, and passing H^ into it while it is cold. 
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GENERAL TABLE FOR SEPARATION OF 
■ 495. If the subaUiice for BnaljBis ia a liquid with neutrat or aikaline 

be at once examined as is directed beloir. 
>■ In this Table, and iu the Graap Tables vhich follow, it has been siippoaed 
,, tate will be produced when the reagent is added for its detection ; hence no 



Add lo the Oriciiul Bglatiim. 



whJcb mnBt lie add f □ reution (496). HCI In excess (4J5> 
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crreUU. Tbe abienci 
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"*-»^ |ln»lnbleto 

Ca3-btack 
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!/ote.—ADY further pre- 



The nitrate 



' Solution <■ 

porcelain dUb (see ffatt, 

■nd Uw liquid Ueraporated 

allttJe BtrongHCllB poured 

filtered off (jos). 
Add a few drops of title add 

PreuDoeaf photphate; If no 
If Pheiphata li pnHnt try It 

Id BllnhteiceuafUrAmCl ; 

not, teat lot Qronpe nLB, 
M is abMDt add 
I and filter, keep- 



boUa; 



The Pr»Otpitat« may mm- 



CrHjOi— Ks*" gretn. 
FeHjOt— ndiluft.6piiwn. 



NOTBS OH THE GEMEBAL TaBLE. 

496, If the liquid under examination is sllcaline or nftutral in 
reaction, HNOj muet be added in alight eicesa. If no precipitate 
forma, the liquid is examined by the General Table. If a precipitate 
is produced, more ENOg is added, and the liquid is heated. If a 
precipitate still remains, it is filtered off, and the filtrate is examined 
by tbe General Table, commencing with the addition of HCI. 

The precipitate, which is caused and not dissolved by ENOt, may 
consist of finely divided sulphur, which is separated as a ivhiU powder 

»U> solid. 
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SEPARArnOH OF UETAL GBOUFS. 



METALS INTO GROUPS BY GROUP-REAGENTS. 

reaction, it requires special treatment (496) ; if ita reaction it add, it mt,j 

tbat all meUls are present ; ifa metal or group of ntetalaia absent, no precipi' 
filtration will be necesaarj, and tbe solution will be treatEd as a filtrate. 



predpitaM vtth HCl, \a boiled down U neceBaar; (m), theo diluted w; 
HgS bj psaalng the gaa ttirongh the Kilutliin Csoj, jo^j, then filtered ; 

IS being added 

Is boiled lu a 

a little strong HNOa Is then added. 

n the dlih. When Oie dish is « ~ 



due and heated, 
le AmHUoO. aolutli 



)4 aalutlod and warm g( 
AmBMoOi, Phuphat* 



iDdiisolved residue 
geutly ; a yellow precipitate shows Uie 



IV. and V. as If phosphate w 

to the rest ot the solution AmCI, heat It to boiling, the 

log the liquid and precipitate as much as possible nam 1 



Add (e the Filtrate or Solution, which mai' be cc 



Add ta the FiltrMe or Solution, which must b 
Unct^ Iflllow OT brown (jdS), Am,C03 In eiceu 
(45j), wiirm gently aad filter :— 



Tbe^eipitate (m) ™ 

BaCOj-wAiM. 
BrtXIa-wAi'M. 
CaCOj— wAite. 



from sulphide, or as a ytllow powder from tbiosulphate. Tbia pre- 
cipitate is recognised by its colour, and by not being separable by 
standing or by filtration ; it may be dieiegarded. 

Nitric acid may also precipitate gelatinous, colourless silicic add 
SnOj, or metastaunic acid (497), SbgO^, AgCl (all three wliite), SnS,, 
AsjSj (both yellow), Sb^a (orange). 

Hence, a Cull examination of this precipitate for all that it may 
contain will involre boiling the precipitate with aqua regia, then 
diluting and filtering. The inaolnble residue is examined as a sab- 
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atftDce insolnble in water and adds (534). The aqua regia aolution is 
added to the filtrate from the precipitate caused bj HNO3, And any 
precipitate caoBed on mixiDg these Boladona is examined by Table I. 
tSro). 

497. Metaatannic acid is precipitated from a aalntlon of an alkaline 
metaatannate by the addition of an acid. It forma a white precipitate 
which becomes guldtn yellow when it is moistened with SdCI, solntion. 
This precipitate is further recognised bj dissolviDg in the waahing- 
water while it is being washed, and being reprecipitated when the 
waabings run into the acid filtrate. 

498. It must be remembered that strong HCl alao precipitates a 
strong solntion of a barium salt. Tbis precipitate, however, diaaolTss, 
as PbOlj does, when it is heated with water, and differs in this respect 
from AgCl and Eg,Cl,. 

499. If HNOg or aqua regia has been nsed in preparing the solution 
of the substance, or if the aolation smells of CI or SO^, it should be 
boiled down considerably, nutil aeitber of the abuve gasea is smelt 
when more ECl is added and the liquid is again boiled. The eolntion 
is theu diluted, and H,8 ia passed into it at once whether the dilation 
has caused a precipitate or not. 

If As has been detected iu the Preliminary Examination, H^O, 
solution should be added until the liquid amellsof SO2 after it has been 
boiled for a short time. The liquid is then heated for some time short 
of boiling, until it no longer smells of SOj. This treatment redaces 
arsenic and stannic compounds to the nrsenicus and atannoits condition. 

In the case of As this redaction is to be recommended, since arsenic 
compounds are not easily precipitated by H,S. It is also desirable 
to reduce stannic compounda, aince ScS,, unlike SnS, readily runs 
through the filter, and being yellow in colour may be mistaken for S. 

It will, of course, be necessary to ascertain by special teats (330 and 
338, 339)1 made on the ongiual soluHon, in which state As and Sn 
were originally present. If any precipitate, other than white sulphur, 
is produced by boiling with H^Oj, refer to par. 600. 

yxt. Wliile the liquid is being boiled with HjSOj, some H,SOj is 
tiBUally farmed, and tbia may partially or completely precipitate Pb, 
Ba, Sr as white sulphates. Examine this precipitate for Ba and Sr 
by par. 605. Lead may be tested for by boiling the precipitate with 
HA and excess of AmHO, Bltering, adding HA in excess and then 
'K./^iOf : a yellow precipitate a/utu;a Fb. 

501. On the addition of water, Bi, Sb, 3n may give white precipi- 
tates of their o^iychloridea. These precipitates may be disregarded, 
since H^ readily converts them into sulphides. 

502. HjS often causes a fine tokiU precipitate of S, owing to ths 
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presence of certain oxiduing anbatonces, such ae 01, HNO|, UClOg, 
HgCiOt, E^Q,Og, H^0„ FeClp This precipitate ia known bj its 
freedom from colonr, and by not being separable by subaidence or by 
filtration. It may be neglected. Groat care mnst, hoivever, be takui 
not to mistake SdS, for S ; it resembles S in runainj; througli filter- 
paper, bot is dietinctly yellow in oolour. 

503. Certain changes may be observed while H^ is being passed ; 
they ehonld be carefally not«d. Thoa the precipitates given by salts 
of Hg and Pb oft«n show characteristic coloars (392, 399) whCe H^S ia 
being passed. A solution coloured reddish-yellow by HgCrO, becomes 
green, and pnrple HgHn,0 solntion becomes colourless. 

504. If the filtrate or soIutioD alter passing H^ yields a yellow 
precipitate when it is boiled, this shows the preseuce of an arsenic or a 
atannie compound. In this case pass H^ into the bailing liqaid ss 
long as it causes any further precipitate, or proceed as is directed in 
par, IBB. Fitter off this precipitate and add it to the precipitate which 
has been already obtained by E^. 

505. SiO, and other substances may be present in the residue. 

SiOg is distinguished by causing effcrveecence when it is strongly 
heated in a fosed bead of Na,CO„ contained in a loop of platinum wire. 

AlgOs, Fe,Oj, CrjO, may have been rendered insoluble by the ignition 
of the residue. They may be dissolved by long-continned heating with 
strong HCL This solution is added to the other eolation which is to 
be examined for Group III.a. 

BaSDt and SrSOj may also remain, undissolved. They are detected 
by heating some of the residue strongly for a short time in the inner 
blow|Hpe-flame npon a loop of platinum wire, then moistening the loop 
with a drop of strong HCI, and holding it in the outer part of the 
Bunsen-flame. Crimson.red fiashes, appearing red throngh the indigo- 
prism, prove the presence of Sr : a yellowish -green flame coloration 
shows Ba. A less rapid process consists in fusing the residue with 
alkaline carbonates (53S)- 

506. Mn and Zn may be precipitated with FeH,0„ AlHgO,, 
CrHsOj. The precipitation of Mn is partly prevented by protecting 
the ammontacal liqnid against exposure to the air. But the further 
precaution should be taken of dissolving the precipitate, which has 
been produced by AmHO, in HCI ; then reprecipitating it by AmHO, 
lilterittg, and adding the filtrate to the original filtrate from the 
Group III.& precipitate. This treatment of the precipitate shonld 
be repeated several times, if small quantities of Zn or Mn have to be 
looked for in the presence of Al or Fe, 

507. The filtrate or solution, after the addition of AmCl and 
AmllO, may be coloured blue by Ni, irmen by Co, or reddUh-violet by 
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CrU|0, dissolved in the excess afAmHO. Cr tiboDld be retDOvcd from 
thii aolntioQ by dilotion and prolonged boiling, before proceeding to 
pncipitate QroDp fll.B. 

508. A brmim or dark-coloured filtrate shows that Ni ia present dis- 
solved in the excess of AiDgS. If the filtrate is dark coloured, it ahonld 
be poQred into a porcelain-dish and boiled nntil black NiS s^aratee, 
leaving a coburless iiqaid on standing. Water mnat be occaalonally 
added, if necessary, in order to prevent evaporation to dryness. 

The liquid is then passed through a small filter, and the black pre- 
cipitate b proved to contain Ni by heating a portion of the black 
stained filter-paper in a fused colonrless borax-bead. If the bead, after 
being heated in the outer flame, is viaH or brown while hot and yellovi 
when cold, alid fieownes grey w opaque loAen it is heated in the imar 
fiame, Ni is certainly present and need not be further tested for in 
Table III.B {516). 

The coloDrlesB filtrate ia examined by the General Table for Groaps 
IV. and V. 

509. Part of the precipitate which has been produced by Am,CO, 
often adheres lirmly to the inside of the vessel. If this occurs, rinse 
the tabe out several times with distilled water ; then dissolve the 
precipitate by pouring in some hot HA and causing it to run over the 
inside of the tube. Add this solntion to the HA-solution of the 
AntaCOg- precipitate made in Table IV. (517, II.). 



TABLE I— SILVER GROUP. 

51O- The frecqiitate produced by HCI may consist of 
PbClj, AgCa, and Hg'jCI,. 

The precipitate is waslied on the filter five or sis times 
with boiling water, the first portions of the washings being 
kept apart : — 



WMhingt : th« lint por- 
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thla U 



wlUbi 
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TABLK n.A. — COPPER GBODP. 



TABLE It— COPPER AND ARSENIC GROUPS. 

5IZ. The Precipitate |ai}diiced by EjS in the acid sora- 
tion ia washed with hot water, and is carefully covered to 
protect it against being oxidised hy contact with the air. 
It ia then Temoved from the filter and boiled with KHO-soln- 
tion, and the liqnid ia filtered. The undissolved residue is 
examined by Table II.a (612), below. The filtrate b treated 
as is described on page 242, and is then examined by Table 
n.B {513). 



TABLE ILa.-COPPEE GROPP, 
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TABLE 11.— {ContinuBd). 
The Alkaline Filtrate trom Group ILa. may contain 
Aa^Sg, SbjSg, SnS, gnS^j. Add HCl until the liquid la acid in 
reaction, aud pass H^S uoless tho liquid amells strongly of this 
gas ; the above sulphides, if pr^ent, will be reprecipitated ; a 
mere milkinesa duo to precipitation of S may be disregarded. 
Examine the precipitate by the following Table {513)- 

TABLE II.B.— ABSENIC GROUP. 

I remove [( from tJu alter vlth 



nia Bendna ti AigSi: 
wash, dry, and mil It 
vith four times &b mncli 
ai7 NajCOa, and heat 
the mlimre la a amall 
bmb-tobe(jrt):ablack 
ehintng mirror sou- 

Prawnea of Ai. 

(See Sou % below,) 



preseDce of Sb. Dleaolve 
(he atala in a litUe 
dilute HnOa, dfliite uid 



Preaenoa ef Sb. 



w.) 



Note I. — It is naceEsoTj to dissolve the deposit in ECl and to test 
the Bolation with HgCl^ since impunties in the zinc are frequentlj 
mistaken for a deposit of tin. 

NoU 2. — Ascertain whether an araenioiu or arsenic compound is 
present bj testing the original solution b; par. 330. Ascertain 
whether a stannoos or staanic salt is present by testing the original 
solntion hj pars. 338, 839. 



TABLE III.A.— lEON GROUP. 

514. Tlie Precipitate prodoced liy adding AmCl and 
AmEO in excess and boiling, may contain AlHgOg, CrHjOg, 
FegHOg. The colour of the precipitate will usually show 
whether it contains any quantity of FeHgOj (reddish-brown), 
or CrHgOg (pale green), since AJHjOj is colourless. 

Dissolve the precipitate in a little boiling dilute HCl 
(190, 2) ; add to the solution pure KHO until a precipitate 
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remains after the liquid has been atirred ; tten add EHO 
in considerable excess, boil for some time, and filter : — 



EHO. Add alight 



(See rfate 2.) 
VoUl.— iftDaBllnllna 
iolutlon ie green, 
CrHgOslipreHntiit 
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ftwisltata maT contain CrHjOt. and ITeHjOg. 

Dry the preoipltate : deUdi it from the filter and 
heat It with a UtUe toMd N««CX>saad ENOanpon 
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the undtr tur/aee ol tbe lOil, ai long ai any froth- 
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nntll Ote nibrianee ■■ entlrsly dluolTed or only 
A dark-browD powder (FejOg) remalna uDdiaaolved ; 
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iVbte 8.— Tracea of Mn ate often precipitatod with the Fe, and will 
be detected bj imparting to tbe liised mass a bluish-green colour. Tbe 
presence of Hn should be noted, since Mn may possibly be entirety pre- 
cipitated in this Group, and willtbeu not be detected in the next Qroap. 

The green colour, due to tbe presence of Mn, conceals the pale* 
yellow colonr due to Cr. But when tlie cool mass is dissolved in water 
and the solntion is boiled with HA, the lUAnganiiBe coloration ie 
destroyed. After any dark-coloured precipitate has bean removed by 
filtration, tbe yellow colour due to Cr tiecomes visible. 

NbU i, — Cr may have been originally present as chromic salt, Cr 
replacing hydrogen in an acid ; or as chromate, Cr being auited with 
□zygen to form an acid-radicle. 

Ascertain in which state Cr was present by boiling some of the 
original substance with Na^,COj solution and filtering. A yellow 
filtrate, which, when it ie acidified with HA and mixed with PbA, 
solution, gives a yellow precipitate, shows that Cr was preaatt aa 
ekromait. If Cr was OTiginally present aa a chromic salt, it will 
remain nndissolved ai green CrHiO,, and wilt not colour tbe filtrate : 
it is found in the above Table. 

NoU 5. — Fe is always detected bere as ferric salt ; since, even if it 
was originally present as ferrous ssit, it will have I>een converted into 
ferric salt when the solation was boiled with HNO3 before the 
precipitation of Group III.a in the General Table. 
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TABLE in.P. — PHOSPHATE GROUP. [516,618, 



In ordar to asoartafn in trhieh condition Fe wu preeant, boil some 
of the original enbttonce with UCI, filter if uecesury, uid divide the 
solution into two parts. To one portion add KjFeCy,, a dark-blno 
pi-ecipitata shows the preaence of F^ronaa ; to another portion add 
KCjS, a blood-red colour shows praenet of Fsrricum, 



TABLE IILp.— PHOSPHATE GROUP. 

515. If "TO, has been found in tlje Genera! Table in the 
filtrate from Group IL, and a precipitate has been formed by 
adding to the rest of the solution AmCl and AmHO, add 
to the turbid liquid dilute HCl in quantity just sufficient to 
rediesolve the precipitate. Then add a little HA and much 
AmA, then FeCls drop by drop with constant stirring until 
the liquid remains red. 

N0U.—II no distinct precipitate ie produced bj the addition of a 
little FeClu add a small quantity of Am^PO,, and then FeCl, until 
th« Bolutiou is reddened. 

Boil the turbid liquid in a flask or dish for a few minutes, 
and filter it while it is hot. 



Th« Fiwipitala ma; b« rejected 11 ('eCl. h« pro- Ibe Filtnta ihoitld be 



viHpltate after AnlX luulallea to do 
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cool miu with water aodfllter. 
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TABLE IILb.— ZINC GROUP. 

516. The Precipitate prodoced by Am^S in the solution, 

or in the filtrate from Group IILa, may contain ZnS, MnS, 

NiS, CoS. The colour of the precipitate will usually show 
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whether it contains NiS or CoS which are black, or conauts 
only of MuS (pink) or ZnS (white). 

The preieuce of Nt will bare b«en indicated hy the dark-brown 
colour of the filtrate obtained after the Group precipitate hss been 
boiled with an ezceu of fellow Am^, If the block precipitate, ob- 
tuned by boiling the dark-brown filtrate (508), has aba been proved 
to be ViS bj the colour of the borax*baad, the further tests for Ni in 
the following Table may be omitted. 

Remove the precipitate from the filter with cold dilute 
HCl (igo, c), allow the liquid to stand, occasionally stirring 
it well with the precipitate. The precipitate will either 
dissolve, leaving only white sulphnr, in which case the milky 
liquid may be at once examined by III. (p. 246); or a black 
residue will be left, which must he filtered off and examined 
by I. (below), the filtrate being examined by III. (p. 246) : — 
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TABLE m.B.— (Continued). 



m. The HOI Bolntion or Piltreto may oontain Zn. Mn. 


^L'^^f^\,^'^^^%T;l,%^i6^''^.^i^u^^^ 
















pUtlnum-teUi Bbloldi-flTma 








FnHioofMs. 



















TABLE IV.— BARIUM GROUP. 
517. The Precipitate prodnced by Am,COg may consist 
of BaCOg, SrCO,, and CaCOg. Test the precipitate first by 
the flame coloration (L) and then hy reagents (11.). 

I. Flame OoloraticaL — Dissolve a small portion of the 
precipitate in a few drops of strong HCl on a watch-glass, 
and hold a drop of this solution on a loop of platinum wire 
in the Bunaen-flame, A crimson coloration, visible thTougfa 
the indigo-prism, shows the Presence 0/ &■ ; a red coloration, 
not appearing crimson through the prism, Pretence of Ca; a 
yellowish-green coloration, usnally very peraiatent, Presence 
o/Ba. 

II, Dissolve the rest of the predpitate in the least 
possible quantity of HA. 

To a small portion of the cold solution add CaSO^. 

(a) An immediate precipitate shows presence of Ba. 

Examine the remaiBder of the solution for Sr, Ca 
by A (page 247). 

(b) A precipitate, whick/orms onty when the solution isboQed, 

shows absence of Ba and presence of Sr. Examine 
the remainder of the solution for Ca byB (page 247). 
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(o) No precipitate forming even on boiling shows abeenee 
of Ba and ISr, Examiae the remainder of the 
solutioQ for Ca by C (below). 






Solittien n PIlbMt majr contain Sr and Ca. IMlDt« the 
Klntlon with twio tta Tolnme- of water; add 
dUute H^04 to aicei^ boU and Ul« :- 



heat It on a platlnum- 
wira loop la the Bnneen- 
Bamo: Crimton eelara- 
tiim mptaring erinwon 
Ihrtmfh Iht iiuUga- 



oontatDCa. AddAmHO 
in exuB, and Uien 

AmtCiOj-iwIiiUoi], warm 
and ^ow to rtind: 



TABLE v.— POTASSIUM GROUP. 

518. The Piltrate, vhich remiuna after the itdditioa to the 
original solution of all the Group-ieagente in succeseion, may 
contain iSg, K, Na, and NH^. 

Since, however, ammonium componnde have been added 
as Gtoup-ie^ents, NH^ must be tested for by boiling a 
portion of the original stibsfattce with EHO-aolution, and 
aacertainiDg whether any NH, is evolved. This test will, 
however, usually have been already made in the Preliminary 
Examination (469). 

Proceed to examine foi Group Y. as is directed below. 

Evaporate the filtrate from Group IV. to dryness in a 
porcelain dish, scrape out the solid residue upon a piece of 
platinnm-foil. Heat this in the Bunsen-flame as long as any 
white fumes are seen to be given off, when the foil is removed 
for an instant from the flame. All ammonium compounds 



Us 



f&BLi v.— potAasruM group. 



[618, 



are thus entirely removed. If anyresidue remains {Note 1) 
it is dissolved by boiling the foil in a test-tube with 
a small quantily of vater to which several dTopa of dilute 
HCl have been added. Divide this solution into two 
parts: — 



BXANnUTIOIl FOB Ug. 

BetneUgliteitedfarln Ir 

--lepoTUanottbliHlu- I I 
dh, It la nscfauTT to , 71 
imove tracM of Bs. < 

[nriblTbc prn«nt, mad I 
might b< tolntalieii lur i 



EXAHTNITIOB FOB K AND NS. 

10 other portfon of the ■olatlon proceed to tert 
E mid Kft u te directed below. 

stlnum wire which hu beeo proied not (o 
ipArt Any coJour to the fluao. Hold tha hup 
CheBuasan-fliimai oDSof tbefoUawingnnilla 



Ad?' t 



■ prectpllate 

ed or Dot, add 
AmCI, (ben 
a ei<Mn and 

JJsiCjOj ; warm gentlji, 

Then add NhUPOij 

itaake Iba liquid, ud 
let It lUDil for a 
abort time ; a white 
cryatalliBe preclidtBta j 



A Bzifht-Telhnr flame eelon- 
tion, ladtcating :— 

Pnaanu of Ra (^ote 2). 

Ennihie Chli culoraClun 
tbrongh the Indigo - prlam ; 
If it Hppean red, prettaca 
efK it prored : it^no red 
Goloar 1> ilalble K 1> pro- 
babljr abaent or preieut only 



A Palalllae oolar- 
atbn. appearliis 
crlmaon through 
the ludir- 
pilam, ahawa 



1 eonllrm the above reaulla bj ponrlDS 

derof theaotutkonupona vatoh-glaaa, 

BddlDg to It aereral dropa of PtCU, and stlr- 
Tlng weU tor Hiine time ; tlia KmoatloD o' ~ 
fellow prsolpilat« ahowi :— 



i^aU 1. — It is Dot sale to plnoe much reliance apon an exaniiDatiou of 
the fail for the detection of s small quantity of residue ; but the 
preseuce of a residue is usually indicated by a crackling noiae, nbile 
the foil ia cooling iininediatelj after ita removiil from the flame. 
If any doabt is felt, the foil should be boiled with water and 
a drop of HCl, and the solution examined for Mg, K, and Na, as 
directed above. 

iVote 2. — A yellow coloration, more or less intense, will ntnally 
be obtained here, since most substances and reagents contun 
small quantities of Na. Hence the student must note the intensity 
of the coloration, and yadge from it whether the quantity of Na ia 
small or large. He must then enter accordingly, either "Pramaqf 
Na" or " Preaenct of Tract i^f Sa.'' 
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BXAUINATION FOB AOID-BADIOLSIS. 



MeiBOD OP Ubino the Tablb op Solubility. 

519. In coDilucting the £xaminatiu» for Acid-radicles, 
much time and trouble may usually be saved, by considering 
which of these radicles cnn possibly be present. The pre- 
ceding eiamination of the sutetance will usually have limited 
this number considerably ; but it may be further reduced by 
the knowlet^e already obtained of the metals present, and 
of the solubility of the substance under analysis. 

A reference to the Table of Solubility on the following 
page will show how this knowledge may be applied. 

The Table is thus arranged. In horizontal lines at the 
head are placed the more commonly occurring metals, which 
yield salts or basic oxides. In the vertical column on the 
left is a list of that portion of the names of the compounds 
thus formed, which corresponds to the acid-radicle. 

520- The Solubility of any Compound of one of the 
metals, which are placed at the top of the Table, is found 

by glancing down the vertical column which is headed by 
that metal. The letter indicating the solubility of the com- 
pound stands in a horizontal line with the acid-radicle portion 
of the name. Thus to find the solubility of zinc sulphate it is 
only necessary to glance down the vertical coliimn with Z71 
at its head : on a horizontal line with sidphaie stands the letter 
w, showing that zinc sulphate is soluble in water. 

521. The Way in which this Table is Used, after the 
solubility of a substance under analysis has been ascertained, 
and the metals present have been detected, may be explained 
by an example. In a substance uihich teaa entirely goluMe in 
water, the metals found were E, Ba, Ag. A glance down 
the column headed by these three metalt< shows at once 
{OontinHid onpuye 251.) 

,;,, .,....,C00glc 



TABLE OP SOLDBEUTT. 



TABLE OF SOLUBILITY. 
522. A blank aignffies that the solubility ia nntcnown 01 
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The solubility of a compoand U denoted hy letters :— 
w. Signifies soluble iu water, 
a. Soluble in the acids HCI, HNO^,, or aqaft regJa. 
a'". Soluble in mnriatic, or hydrochloric acid, 
a". Soluble in nitric acid, 
a"". Soluble in a mixture of muriatic and nitric acids, or aqua regie, 
but not in either acid separate!;, 
i. Insoluble in nator and acida. 
n.a. Letters thus placed together with a etop between, siguiff that 
in different states the substance shows the different solu- 
bilities denoted by the letters, 
w-a. Letters connected by a hjpben indicate that the eubstance is 
only slightly soluble in the first solvent, and may therefore 
partially fall under the claaa denoted by the second letter, 
w.b. Decomposed more or less by mnch water with formation of a 
basic salt, which i« iusolnble in water bat soluble in acid. 



628.] DBTECTIOIT 0? ACtD-BADICtES. 251 

which acid-radicles may be present All acid-radicles migtit 
he present combined with E, since all its salts are soluble 
in water. But the presence of Ba in a substance soluble in 
water shows that SO,, PO,, COg, AsO^ CrO„ BO^, and F 
cannot be present; since these acid-radicl^a form compounds 
with Ba which are insoluble in water. Ag excludes in 
addition S, CI, Br, and I, Hence, of the more commonly 
occurring acid-railicles, UOj only need be tested for. 

This example shows how much the examination for acid- 
radicles may often be simplified, when the metals present in 
a substance and its soIubiUty are known. 



DeIBCTION of ACID-RADIGLBB IK THE FrECEDIHO 

Examinations. 

523. The Preliminary Examinations and the Examination 

for Metals frequently yield proof of the presence of certain 

acid-radicles ; the presence of any acid-radicles thus detected 

will require no confirmation. 

Thus on passing H^S into the HCl-solution (495) : — 
A reddieh-yellow mlvMcm, becoming green and depositing 

white sulphur, shows Freseace of Cbromate. 
A reddish-violet stdiiiian, becoming nearly colourless and 

depositing white sulphur, denotes Presence of Fer- 

mangauate, 
A yellow precipitate of As^Sj, appearing only when the 

liquid is boiled, shows Presence of Arsenate. 
An insoluble residue of SiO,, after evaporating to dryness 

the filtrate from the HgS-group, shows Presence of 

Silicate. 
And a yellow precipitate, obtained with AmHMoO, before 

precipitating Group III., shows Presence of Fbosphate. 

Of the Acid-radicles which remain to be tested for, some 

can be detected by the scheme in pars. 524, 525 : others are 

most easily found by special teste made upon the original 

substance (526-533). 

Uigniaub, Google 
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General bobkub of Exauinatioh fob Acid-radicles. 

524. It alkali-metals alone are present, the aqueous solu- 
tion of the Bubatanoe may be at onc« examined for acid- 
radicles by par 535, It other metals are present, they may 
be precipitated by the reagents which are added for the 
detection of acid-radicles, and may lead to error. 

Precipitate these metals by boiling a porticm of the 
finely-powdered substance with NagCO^-scdutioQ, which 
must be further added to the clear liquid as long as it 
causes any precipitate. Then filter the liquid and divide 
the clear filtrate into three portions. Acidify these with 
HCl, HNOg, and HA respectively; and examine them as 
is directed below, using a separate part for eaeh test. 

IToU. — Some metala, such as Sn. Sb, Ag, anil Cu, catioat be com- 
liletely precipitated hj boiling their aolution with NajCOj-solution. 
If they must be precipitated, the passage of HjS, or the addition o( 
AnisS, will UBUally sepamte them as insoluble sulphides ; the excess at 
AnigS or HjS must be removed by warming the soliitioii before the 
tests are applied. 

Since the analyst knon's at this stage of the analysis what metals 
are present, it should not be difficult to separate them, or to allow tor 
their presence, while the tests for acid-radiclea are l>eing tried. 



[, FsrtlOB uldlAtd irith HCL 



white precipitate Insoluble' 
1 AmCI and AmgCOg, a leiiil'tnDipu^nt pre-' 



H. PortioD uidifltd -with EHO3. RefertoA-otea. 
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le und iodide, aee pan 41G, 416. 
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CKI4 

POj, or A»Oi 



r better in Uw orlgliul 

Note 1,— Unleu pnre N%CO, wlution wae used in prepsring tlie 
aolatioD for these tests, SO^, CI, and PO^ if detected, D*jr hare beea 
present only as impntitiee in the Ha^COj ; portions of the original aab- 
stance should Bccurdiogl; ba tested b; pars. G2S, 627, and 629. 

Not* 2. —If AgNOj yields a black ptecipitate, this proves the presence 
of snlphide,. or possibly of thiosiilphste. In this case HNO, is added, 
and the liquid contaimng the preoipitat« is boiled. The black AggS 
will thus be decomposeil, leaving a milk; liquid, hi which anj other 
precipitate will be readily eeen after the fine sulphur has been coagu- 
lated by beating or shaking the liquid. 



SPBCIAt TESTS FOR CERTAIN ACID-RADICLRS. 
The following tests may be used for detecting a trace of an acid- 
radicle, or as ooufiruiatory tests. 

526. Snlpbate. — A portion of the original substance is boiled jrith 
HOI, and tlie decanted or filtered liquid is tested with BaCl, ; a white 
precipitate shows :— Fnaenoe of Solpliate. 

527. Ohloride. — A portion of the original substance is wanned with 
HNO^ the solution is decanted ot filtered, and AgNO, is sdded to it ; 
a perfeetly vihUe precipitate, easily soluble in warm AmHO, shows 1 — 

' Presence of Ohloride. 

528. Arsenato. — This acid-radicle cannot be present unless As vas 
delected durjng the eiaminatiou for metals (468, 4S0). If Aa baa been 
found amongst the metals, proceed to test for AsO, by adding HCl to 
a ]iortion of the Ka,CO, solution (524] until it is acid, then AmCl, 
AmHO in excess, and MgSO,. Filter, and pour a few drops of AgNO^ 
soluHou upon tbe white precipitate on the filter ; a change of colour to 
brown shows :— Freieiice of Anenato. 

529^ Fboaphate. — Boil some of the ariginsl substance with dilute 
HNOj, and odd a little of the clear solution tc some AmHMoO, solu- 
tion. Shake and stir the liqnid well, and if no precipitate forme, warm 
very gmUy ; a yellow precipitate shows 1 — Preseoce of Phosptutle. 
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If AsOi has been d«tect«d (528), this Uet for PO, is not troatworthy. 
If Buf doabt is felt conceniiiiK ths presence of PO4, boil some of the 
substance with strong HCI, and te»t for PO^, after the AsO, has been 
entirel; separated by paaaing H^ into the bailing HCI BolutiOQ (425). 

A precipitate produced by AmHHoO, may be diBsoIved in AniHO ; 
AmCl and MgSO, are then added, the liqnid is filtered, and AgNO, 
solution is dropped upon the precipitate ; if it is phosphate, it will 
tnm yelUno ; if it is arsenate, it will become imnvn. 

53a Fluoride. — Poor a little strong HgSO, upon the powdered 
substance, placed in a leaden cop or in a platinum crucible. Coverthis 
with a watch-glaB9, which has been coated with paraffin wax, and has 
then bod characters traced through the film with the point of a pen- 
knife. Now warm tbe crucible. IE the characters are etched upon 
the glass (435), this shows : — Presence of Fluoride. 

If SiOg is known to be present, the test must l>e mode by conducting 
the gas, which is evolved when the substance is heated with strong 
H^O^, into dilute AmHO ; a deposit of gelatinous H^SiOj proves : — 
Presence of Fluoride. 

531. Borate. — Warm the original substance with HCI, dip turmeric 
' paper into the liquid, and dry the paper at a gentle temperature. If 

the paper turns reddish-brown, and becomes bluiah-black when it is 
moistened with AmHO, it indicates the Presence of Borate. 

532. Sulphide, Phoephids, and Arsenide are frequently moat easily 
detected after thej have been converted into acids by oxidation. A 
portion of tbe finely .powdered substance is accordingly boiled with 
strong HlfOg, tbe solutiou is diluted with water, and tested for HgSO^ 
(Sa6), HjFOi and HjAsO, (529, 423. 425). 

533. A Oarblde may usually be detected by evolving acetylene gas 
when it is acted upon by acid or by water : acetylene is recognised by 
its pungent smell, and hy burning with a liiminona smoky flame. 



EXAMINATION OF SUBSTANCES INSOLUBLE IN 

WATER AND ACIDS. 
534. An Insoluble Substance may contain any of tbe 

following substances. Those included in brackets, however, 
are soluble when they are heated with much water or acid. 

As will be seen below, the colour frecuiently aerves to 
indicate what substance ia present. 

1. White : BaSO^, SrSO^, (CaSO^l, PbSO^ (PbCIa), AgCl, 
SiO^, ignited Al^Oj, SnO^ Sb^Oj, Sb^O^ CaF^. 
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2. Dark coloured : ignited Fe^Og (dark brown or black^ 

ignited CrjOg (dark green or black), FeOr^O^, PbOg, 
and ignited PbCrO, (dark brown), C (black). 

3. Yellow : S, AgBr, Agl, (Pblj). 

4. An ineoltible silicate may alao be present. 

If BUfficieDt af ths substance is xt diapossi, a, portion ma; be subjected 
to a Preliminarf Examiuation (463 et leq.) for those aubatances only 
which may be preuDt. In caae the qutinttt; of substance is small, liow- 
ever, the whale of it must be employed for the following ei 



Treatment with Fubbd Alkaline Carbohatbs. 

535. Mil the finely-powdered substance with five or six 
times its volume of fusion-mixture (NajCOg + KjCOg), and 
heat the mixture in a small covered porcelain crucible 
(fig. 41, p. 70). 

Note. — If Pb and Ag have been proved to ba abseut by the prelimi- 
nary testa, or by the substance not darkening with Am^S, the porcelain 
crucible may be replaced by a platinUTn crucible or by a piece of 
platinum -foil. The use of platinum is preforabla, since, after fusing 
in porcelain, small quantities of AlgO, and SiO, will always be found. 
They are derived from the action of the Na-^CO, on the glnxe of the 
porcelain. 

Keep the mixture in a state of fusion for at least ten 
minutes. Then allow the crucible to cool, pour some water 
into it, and either allow it to stand, or boil the water, until 
the solid mass is loosened from tlie crucible. Treat this 
mass in a porcelain-dish with boiling water, crushing it by 
pressure with a pestle, if it does not quickly fall to pieces. 

Allow the residue to settle, pour off the solution through 
a filter, and boil the residue with a little more water ; pour 
off this water through the same filter, adding the filtrate to 
the former one. 

Examine the undissolved residue by par, 536, and the 
filtrate by par. 537. 

536. The BeBidne on the Filter.— Wash this well with 
boiling water, rejecting the washings. Then make a hole in 
the bottom of the filter, and wash the residue through into 
a teat-tube, by pouring upon it a little boUmg dilute HNO, 
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(Note I). The residua will diBsolve entirely when it is boiled, 
with the acid, if the fuBion has been continued aufficieutly 
long. Filter, if necesaary, and examine the solution by the 
General Table (495), bearing in mind tliat only the metals 
enumerated in par. 534 are likely to be present {Note 2). 

NoU 1. — If Ag and Pb have beeo proved to be absent bj the pre- 
limiaary experiments, HC1 may be nsed for disaolviDg the leaidue, and 
is preferable. If efferveacence ia produced by the acid, the preaeDCe of 
Ba, Sr, Ca, or Mg is proved. 

Natt 2. — If SiOj is present, it is best to evaporate the solution quite 
to dryness at this stBge, nsing a water-bath towards the end if the 
substance spirts. The residue is then heated with dilute HOI and 
filtered, snd the eolution is examined by the Qenaral Table (495). 
omitting the evaporation before Group IIL 

537. Aqueoiu Solctioa of the Fused HasB. — Divide this 
solution into two parts, a. and b. 

A. Add HCI to one part of the solution imtil it is 
. distinctly acid, and separate and detect SiO^ by the treat- 
ment described above in Note 2. Eiaaiine the acid filtrate 

j^y the General Table (495) for Al. Other metals, such aa 
X^r, Mn, Zn, Sn, Sb, whose oxides are soluble in alkalis, snd 
^'may therefore pass into this solution, must also be tested for. 

B. Test separate portions of the other part of the aqueous 
solution for the following acid-radicleB as ie described below. 
Unless the fusion-mixture was free from chloride, sulphate 
and phosphate, tests 1, 2, and i may be of little value. 

1. Chlcaide: acidify with HNOj and add AgNOj ; white 

precipitate, easily aolublc in AmHO. 

2. Sulphate : acidify with HQ and add BaClj ; white 

precipitate, insoluble on boiling. 

3. Ohromate: acidify with HA and add PbAj; yellow 

precipitate. A chromate is also seen by the yellow 
colour of the solution. Cr thus detected may have 
been present acting as a metal or as a constituent of 
an acid-radicle. (Note 4, p. 243.) 

4. PhoB^te: acidify with HNOg, add a few drops to 

some AmHMoOf solution, and warm gently ; a yellow 
precipitate forms. 
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If As has beeu found by passing H^ into the hot 
HCl-solution, PO^ must be tested for after completely 
separating the As as As^Sg (425), 
S. Fluoride : add HCI in excess, and warm gently to 
remove COj ; then add AmHO in excess, then CaCl^ 
as long as it produces any precipitate, and let stand 
for a time. Filter off, dry the precipitate and 
examine it for F by pouring stroDg HjSO^ upon it 
in a platinum crucible covered with a prepared watch- 
glass and seeing if it is etched (435). ^ 



P5 
Examination fob K and Na in an Insoluble Solution, p^ 

538- Since Na and K cannot be tested for in the ^ 
substance after it has been treated with fused alkaline ^ 
carbonates, a separate portion must be examined tor these ^_i 
metals by the following process. The materials used must ^ 
be perfectly free from K and Na. pn 

The finely-powdered substance is mixed with its own •* 
weight of sublimed and oiystatlised NH4CI in powder, and ^ 
with eight times its weight of pure CaCOg. This mixture is 
gently heated in a platinum crucible for a few minutes, and ^ 
is finally kept at a bright red heat for twenty or thirty 3 
minutes. The mass will not fuse as a whole, but the fused 
CaCI^ which is formed during the reaction, will dissolve 
sutBcient CaO to bring this into contact with the substance 
and decompose it 

The mixture is allowed to cool and is then boiled with 
water for some time after it has crumbled by the slaking 
of the CaO. The liquid is then filtered, and Am^COg 
solution is added to the filtrate until it causes no further 
precipitate of CaCOj, The filtrate from this precipitate is 
evaporated considerably, and is freed from traces of Ca by 
the addition of AmjC^O,. The clear solution will now 
contain K and Na as chlorides, if these metals were 
originally present. They may be tested for by the right 
hand side of Table V. (518). 
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EXAMPLE SHOWING HOW TO ENTEK THE 
RESULTS OF ANALYSIS OF A COMPLEX 
SUBSTANCE. 



599- ^''B Bubatance given for aualysis consisted of a 
powder containiiig pink, blue, white, and black particles. 
It smelt faintly of ammonia. 
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Ha without heatlni. 

Heated to baaing. 


A colonrleH ga) wa. 
orolTBd, which waa free 

^drop of Itoe waler 

a waa' erolTed, rmog. 
Dlwd bj IM amell and 
by bleachlni molit 
Utmia-pepet. 


Abi. ol aulpblto, hypo- 

cilloIlt^dw. 

Free, ol nitrate, ehlarM^ 
oraomeoUieioildlains 

BDbatuce. 


Kxn. 11 —Added itniig 
H^O.. 

ooppor tomiiigi and 

Ci»UV.— Boiled a portion 
B,SO,. cooled add 


A bright yellow chloroiu 

Bedaiih brown luiuei 
eiolied. 

The tube when in wu 
H»u Dot to be etched. 

tl^iSface^ot^'acld!' 


PrKotchloiata. 

Praa-oinltrat* 

A hi. or flDorldo. 
Prea-ol Dilate. 
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BKTBY OF BKSULTS OF ANALYSIS 



[63 



bothpajet" Examination fob Ubtals 

Boiled a portion of the substance with water ; as it did not com- 

upou the undiasolved residue : efferrcBcence occurred, and on boiling, 

of CI wae perceived ; the aubatance waa completely diBsolved, Cooled 

previously to give no pp. on addition of a little dilut* HNOj : — 

Bg, Ag, and prob. Fb. 



Diluted with vater ind puKd H^a iii^tLl the liquid imelt Ktroaslj 


AMackm- 
EiamCb; Table 11. 


FiUraH which g».e no further pp. with 
Boiled nntll It no longer imelf of HjS, 

brown on addition of HNOg {profr. 

Added a an, ail portion o( the Actml'. 

then BicMs of AmHO, and boUed : 


Aliratcapp. 
Bum''- hj Table III.A. 



Exam"- of pp. in Group II. — Removed from the filter into 
a porcelain-dish and tioiled with KHO, filtered : — 



FiitraU:- 

Acidlflei 

with UCl, I 



Uqnld onlT : 
Ab,.^ 

enupn.B. 



Fb. remoTcd tromfiiter bf ■ glaas rod Into a porceiain-dlah oi 
boiled with atFona HNOs >a loug u any ted fames came o 
added dilute HgSfij aod stlrmd well :— 



ffppp.:- 
lb>. o}m 



DiTidedtbeblnelK 



la portion AcidUed the other 
ad K(^- portion with HA, 
tlonantll| md added KJeCy,, 



Exam"- of pp. in Group III.a. 

DisBolved in a little boiling dilute HCl, added pure NaHO 
in eicesa, boiled and filtered : — 



Filtrtttt: added SCI In 
eiceu andlhen AmOH 
in alight eioeai; no 



Pp. : dried and toied on platinum-toil with IfajCOj 
and KSO}, boiled the colourleu (061, qf Or) maaa 



solved residue :- 



h water ; decanted b>Qm tt 



Remdtie In the dlBh dla- 
loived by boiling with a 
little HcVadded aeverel 
dropiofK»>p8:ablood- 
red coloiBtton ;— 
TraaofFe. 



Sol'^ being 

AiidiHed with HA, boiled. 
and added PbAj, no 
yellow pp. :— 
AUafCr. 
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IN THE WffT Wat, 

pletely disaolve, the sol"^ was decanted, and a little dilute HCI poured 
CI was smelt. Added a little strong HCI, boiled as long aa any emell 
this sol"- and mixed it with the water eol"^ which had beeo proved 



of the gw, Altered :— 
HoS wtu pink (prob. 



>ng'^^ 



to game AmHUoOi 
mtered:— 



l<^ and boiled to dmiea (the colour ol the eol'. chiBged to light 
the residue wltli HCi, It diuolved oampletel]' (aba. ^ H^io^l. 
farmed ; no pp. ; abiaiee 0/ iPOtf", To the rem'- added AmO, 



FUtrale was again pink (preMsnti 0/ Ce) : added mach A: 



te waa ;ellair (obunM qf Si) : added AmgCOg, fllt«ted :— 



B»in*brTl 



EXAM^- OF FF, IN GBOOP III.B. 

Rinsed the pp. off the filter with some cold dilute HCI, 
stirred well, filtered ; — 



Pp. na black and h>d 
alreftdytwen proved to 
contain no Nl; fneed 
a portion Into a cleat 



I FsBKd a^ into the iot°-. 
Abi. nf Zn. 



Esam"- op pp. in Group IV, 

1, Exam"' hy Flame eol'^ — Dissolved a email quantity of 
the pp. in a few drops of HCI upon a watch-glass, dipped a 
loop of Pt-wire into the sol"- and held it in the Bunsen- 
flame : a crimson-red colour waa imparted to the flame, which 
appeared intense red through the indigo-prism : Free, of Sr, 
This coloration was followed by a very persistent yellowish- 
green col*^ : Pies, of Ba. 

2. Exam,"- in the Wet vay. — Dissolved the rest of the pp. 
ill as little boiling HA as possible ; to a small part of the 
solution, perfectly cold, added CaSO^ sol"-, an immediate pp, 
formed : Pres. of Ba, 



-^^ 
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To the remainder of the HA-sol'*, proved to be acid to 
litmus, added K^CrO^ until the liquid appeared red, warmed 
and poured through a doiible filter : — 





IHIated BItrata with twice its Tolume of vtlet, added 
dOute UgSOi, boOed and Blbered:— 


fnHmHorSr. 

Cooflnned by 

givea by tin 


lo the Utnte added AmUO In tacess 
AbaeneevfCa. 



EzAH"- of FitiTIUTE FROU GCXESAL TaBLE FOR GROUP Y. 

ETaporated the filtrate to dryneBS in a porcelain dish, 
scraped out the lesidae upon platinum foil, and ignited 
strongly until white fumes ceased to appear : disaolved the 
residue off the foil by boiling with water to which several 
drops of HCl had been added, divided the sol°' into two 
unequal parts : — 



Vo Ott larger vartion added Hveral 
dTDM of Bi80( and botled, then 
AaSa In aceB and aeTeral droiis 
of AjStCgO, 1 Od beatina, a >ligl t 
pp. toTmed \ Altered, and added tu 
"i clear nitrate KbiBPO^, a wbite 



Pt„. efifg. 



Pret. ofSfa, 
appearing crimsan tbrongh 

Pret. a/K. 
DanBnned the piei. of E b]' ttlrrlDi 
Iresb portion of the >ol-- with PI 
on a waEcb ■>"'■ ■ jellov : 
lonued. 



Metals found :— Cu, Fe, Co, Ba, 8r, M^ Na, £, NH.. 
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Exam'- for Acid-Badiclbs. 

The following acid-tadicles have alieadj been detected: 
CO3, NO3, CIO,. 

Bjr refeience to the Table of Solubilities (522), under the 
columns corresponding to the above metals, the only salt 
iiisolable in acids is found to be BaSO^ ; since Ba is present, 
Btid the substance is entirely soluble in acids, SO^ in aheent. 

The following acid-iadiclea have also been proved to be 
absent in the general examination for metals : — 

CrO^ b; the UOl-aolutiou not becoming green on passing 
HjS. 

AaOg and AsO^ by no pp. forming in Group II.b, 

SiOj, by no residue inaoU in HCl remaining on evapo- 
rating to dryness with HCl for Group III. a. 

PO,, by testing with AmHMoOi in the Ha-Bol»- for 
Group III.A. 

The only commonly occurring acid-radicles remaining to be 
specially tested for are therefore CI, Bi, I ; and of th^ee Br 
and I are probably absent, since no violet fumes of I or 
bro\7ii fumes of Br wore evolved with strong HjSO,. 

Boiled a portion of the substance with pure H'ajOOj-sol"- 
and filtered; acidified with HNO,, and added AgNO„, a 
perfectly white pp. easily sol. in AmOII : — Pres. of 01. 



Acid-radicles found :— C0„ KO3, C10„ CI. 



I Madllie-radidea : Cu, Fe, Co, Ba, Sr, Mg, Na, 
{ K, KH,. 

I Acid-mdide8 : CO3, NOj, ClOj, Gl 
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APPENDIX. 



LIST OF CHEHICAX ELEMENTS, WITH TEEIB 
STHBOLS Ann ATOMIC WEIGHTS. 

54a The words in brackets are tbe Latin names of tha elements 
from wliicli tlie ajmboU have been doiived. (See NoU, page 265.) 



Hame. 


Symbol. 


AtomlD 
Weight. 


».... 


Symbol. 


^^iir. 


Alurolnlmn. . . 


Al 


S71 




Nd 


143-8 


AiitliiiOTir(«Oblimi) 


9b 


120 


Nickel . . . . 


Nl 


SS-T 




A 




Niobium . . 




M 


Aneaic 








Nitrogen . . 


N 




Biiriuni 




Ba 


1371 


Osmium . . . 


0> 


191 


Eerymmn . 








Oiygen. . . . 




18 


BilDlUth . 




Bl 


208-5 




pd 


108 


BoroD . . 




B 


11 


Phoapboms 


p 


SI 


Bromine . 




Br 


m'l 


PotaMium(kBllum). 


K 


Sfl-lll 


Csmiatn . 




Cs 


iss 




Pr 


140 -E 


Calcium . 










Rfl 


m 


Otrboa. . 








Eubldium . . . 






Cerium. . 




Co 


140 




Ru 


lOl-T 


Chlorine . 




a 


SS-46 












Cr 


62' I 


acaudlnm . . . 


Sc 


44-1 


Cobalt . . 




Co 


69 


Selenlon . . . 






Copper {euprum 




Co 


63-6 


Silicon . . , 


SI 


£S-4 


Erbium . 




Er 


188 


Sllrer (argentum) 


Ag 


107-9 






F 




Sodium (natrium) 


Na 


28 


Oallium 








StroDtlum . . 


Sr 


87-a 






Oe 


n 


Sulphur 




a 


3S 


QoldtBurum) 






lK-2 


Tantalum . 








Bellum 




He 


4 


Tellnrion . 




Te 


m 


Hydrogen . 




H 


I 


Terbium . 




Tr 


ISO 










ihalUum . 




Tl 


204-1 


Iodine . . 






1MS6 










Iridium 




Ir 


1B3 


Tin (stannum) 




8n 


118-6 


Iron (terrum) 




Fa 


fie 


Titanium , 




Tl 


48-1 


Lead (plumbum 
Lithium . 

Uaiigane». 
Mercurj (hjdrei 
gyrum . 


^} 


La 

Pb 

Mg 
Hg 


r 


Tungsten (woH 

mlum) . 
Uranium . 

Ytterbium . 
Yttrium . 


■■} 


W 

V 

zn 


239-6 

173 

89 
66-4 


Molybdenum 


_^ 


Mo 


98 


ZIroonlum . 




zr 


90-7 
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TASLB OF CHEMICAL EQUIVALESxa 



541. TABLE 07 CHEMICAL EftniTALENTS 07 
ELEHENTS. . 







[Hjdrogan 


= Unity.] 






Nuna. 


V,lency. 


BquitaleuL 


Name. 


Valency. 


BflulTalMit. 

12-a 
20O-S 

2-8 

S91S 

43-8 


Aluminium 
AnUmoDT . 

Anenk . 
Barium . 

BromtiM . 
Cidmlnm 

Carbon . . 
CWorlne . 
Copper . . 

Gold , . . 
Hydnwen 
lodJDe . 
Iron . . . 


Al"' 
. Sb"' 

A,'" 

B*" 
Bi" 
Br' 
Cd" 
C»" 

Cu" 
F 

Au'" 
H' 

Fa- 


40 
S6 

20 
S 

128-86 
18-7 


Lead . . . 

M«wj . 

Niokel . 

Nltjogan . 

Ougen . 
PlaHimm . , 
Fotauium 
auvti . 

Sodium , . 

Sntphor . 
Tin . . . 

Zinc . . . 


Pb' 

Mgr 

Hs- 

Hi' 

0" 

py- 

K' 

Ar 

So" 
Zn" 



NoU. — The Atomic Weights given on thB precading page are those 
iained for the cnrrent fear bj the Atomic Weights Committee of the 
German Chemical Societj. 
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BQUIVALENTa OF ACIDa AMD ALKALIS. 



[542, 



542. EttTTIVALENT WEIGHTS OF AOIDS AND 
ALKALIS. 



TABLE I.— WEIGHT OF ALEALT, WHICH NEUTEALISES, 
Oa IS EQUIVALENT TO, UNIT WEIGHT OF ACID. 



Aold. 


Brdrata" [ Hjd^. 


Blairbonate. 


Borw. 


SQlpharic acid . 
Nitric .Old . . 


1-14 

1-53 
0-8B 


0-82 
110 
0-63 


1-71 
2-80 
1-83 


3S0 

. 6-23 

8-03 



Alk.li. 


BulgnHo 


HTdroohlorlo 
AM. 


KitriD Acid. 


PotaMium hydrate. 

Sodium hydrate . 

Sodinm hydrogen car- 
bonate 

Borax .... 


0-87 

1-23 
0-58 

0-25 


0-65 
0-81 

O'iS 

010 


112 

1-S8 
0-76 

0-33 
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043, S44.] WEIGHTS AKD MEASURES. 



IHESUOHETRIC SCALES. 

543. Tbere are two diflTerent thermometrio BC*les in use in this 
country, tlis Centigrade and tlis Fahrouhtit ; the former of these is 
rapid); becoming universal for scientific purpoaes. The tiro scales 
are mntnally conTertible hj die folloning formnln, in which F.° 
represents a tempenture on the Fahrenheit scale, and C* a tem- 
perature on the Centigrade scale : — 



I referred to in this treatise t 



WEIGHTS AHD MEASUBES. 

544. The corresponding Taluee of the French and English veights 
and measorea are bore given. The use of tbeFrencli or decimal system 
JB strongly recommended by ite extreme simplicity. The smaller 
denominations are obtained by taking a tenth, hnndrsdth, thoasandtfa, 
tK., o£ the unit chosen ; they are designated by the Latin prefixes 
deci-, centi-, milli-, &c. The higher dBnominatioDs are 10 times, 100 
times, 1000, ka., times the unit, and are named by the Greek pro- 
Gies deca-, hccto-, kilo-, kc, lOoatvations of this eyetem will be 
found in the Tables given below. 

The starting-point of the French system is the "metre"{ = 3B'37 
inches); this is the "unit of length." The "unit of volume" is the 
"litre," which is 1 cubic decimetre. The "unit of weight" is the 
gram, which is the weight of I cubic centimetre of distilled water 
ati-'Q 

The chief conveniences arising from the use of this system are : — 

1)1. That all the different denominations can he written as one ; 

since they are either multiples by ten, or are decimal fraotions, of tiie 

unit. Thus 5 decagrams, 3 grama, 4 decigrams, 8 milligrams would he 

written G3'408 grams. 

2nd, That since 1 cubic centimetre of water at 4° 0, weighs 1 gram, 
we may obtain the Tceight of water from its mtatuTe, by simply con- 
verting the measure into cubic centimetres. The number thus obtained 



'S^^ 



268 WEIGHTS AND MKA8URBS. [64S, 646, 

trill repreMnt at once the corrcapondiiig weight ol water in g»m8. Of 
conns this conTeraian is strict]; tecnnite only when the w&ter is 
ineasnred at 1° C. But for ordinary porpoaeB tlie error introduced, 
when the vatsr is at the temperatnre of the dr, is too small to be of 
any importance in the preparation of solutions. 

The weighta and meaanres mast frequently used for chemical par- 
poses are the gram, the millimetre (mm.), the litre, and the cubic 
MuUmetre (cc), which is ^^^ of a litre. 



MS. ENOUSH WEIGHTS AND MEASURES. 



lb. 01. dnui. icnplei. giaini. 



lUFRBTAT. KllStmi. 

8 = IflO - 

1 - SO - 



1 Buldou 



646, FBENCH WEIGHTS AND MEASTJKES. 



UEASUBEa OF LENGTH. 



































































































Ujiiometre- 


10000-0 - 


893707 -BOOOO = 




1 156 


a 
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USEFUL MEMORANDA. 



1 cubic foot o 3 



MEASURES OF WEIGHT. 

Igramsthe welgbCoIl cubic centimetre (e.o.) at w>t«r&( 







gralBL 


HllUsmn 


- O-OOI 


O-Olirt 


Centigram 




O'lura 


Decigram 




I'Hses 






16'*»28S 


Deugram 






HeS^ra 






KUcanoi 


= iJoooS 


IMSS'MSHO 
lMSi3'*S80O 




lgT»!n 








= SflOMgTEini. 




i^S^"P0( 


.)^ wm „ 



547. VSEFITL UEHOBAKDA. 

Woigbt at 1 ce. of diy Iq'drogeii at 0° C. snd 7SD mn 

giun. 
Weight of 1 && of drj ail at 0° C. and 7S0 mm. = 0-0012937 gram. 
1 graiD of hjdrogeo at 0° C. and 760 mm. measureB ll'lS littea. 
1 gram of air at 0° C. and 760 mm. measures 0773 litre. 
Speciflo gniTity of bjdrogen, uraa tmit,=0'06e3. 
Specific gravit; of air, bydrogea as unit, = 14 '43. 
Weight of 1 cc of mercury at 0° C. = 13'S96 grama. 
Coefficient of eipansbu for gases = g^ = 0'00366S. 
Average percentage of oxygen in air, ^ by volume, = SO-Sfl. 
J bjweight,=23. 



bee from HjO and C0» 
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CHEMICAL FORMULA AND NAMES 



548. LIST OF TEE CHEMICAL FORMULA OP 
BEAGENTS, WITH THE COWlESPONriNG 
CHEMICAL NAMES. 



PtCl. ... 


I'iatmum chloride. 


KHO . . 


PotusiDm hydrate, or caustic potash. 


HOI . . . 




C,H.O . . . 


Alcohol. 


HaHT, or NaHC.H.O, 




KOI ... . 


Potasainm chloride. 


Na,HPO, . . . 




AmHO, or NH^OH . 




Am.CO« or (NH,),CO, 


AmmoDium carbonate. 


AmCl, or NH.Cl 


Ammonium chloride. 


Co(NO.), . . . 


Cobalt nitrate. 


HA, or HC,H,0, 




CaSO. . . . 


Calciam sulphate. 


H^0« . . . 




K,CrO, . . . 


Potassium ehromate. 


AmjCjO„or(NH,)AO, 


Ammonium oialate. 


AmAor(NH,)^ . 


AmmoDium sulphide. 


HNO, . . . 




EClOi . . . Potasainm chlorate. j 






gen. 


N.^CO, . . . 




KC7, or KCN . . 


Potassium cyanide. 


Nb,B.O, . . . 


Borax, or aodium diborate. 


H4FeCy„orKjF«C,N,. 


Potassium ferrocyanide. 


K^FoCy.. or 1 
KjFeC^N, ; 




Potasainm ferricyanide. 


KCyB,orKCN3. 


Potassium sulphooyanide. 


KNO, . . . 


Potassium nitrate, or nitre. 


Pblj, or Pb(C^30,)a . 


Lead acetate. 


SoClj. 


Stannons chloride. 


Ami, or NH.ttyJA) 





OF OBDINAET CHEMICAL BKAGENTS. 



List of Chbhioai. Formula * 



a Nahes— MmffKUaf. 



Hj>rH^C.HA) ■ 


Tsrtario acid, or hydrogen tartrate. 


H^O. . . - 


Sulphurous acid, or hydrogen sulphite, 


CaCip. . . . 




AgNO, . . . 


Silver nitrate. 


CuSO, 


Copper BulpUte. 


HgCl. . . . 


Meronrio chloride. 


HKOj+HCl . . 






aquaregia. 


Bad, . . . 


Barium chloride. 


B»(NO.), . . . 


Barinm nitrate. 


Qi(OH), . . . 


Calcium hydrate, or (in Bolntlon) lime- 




water. 


B»(OH}, . . . 


Barium hydrBt^ or (in loluUon} baryU- 




water. 


MgSO^ . . 


Magneeium ralphate. 


K,CrA ■ • ■ 


Potaasinm dichromate. 


FeSO, . . 


ferrous sulphate. 


Kl ... 


FotasBium iodide. 


K»^A . . . 




MnO, ... 




C3, . . . . 


Carbon dianlphido. 


KNO. ... 


Potassium nitrite. 


K,Mn,0, . . . 




Feci, ... 


Ferric chloride. 


NaA, or Na{0,H,OJ . 


Sodium acetate. 


AmHUoO. . . . 


Ammonium molyWate. 


NaAmHPOt, or "i 

Nbith.hpO( J" ■ 
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A BBEEVIATED fonnolte and words 

Acetylene, preparatioii and properties of 
Acids, properties 
Acids, test for 
Acidimetry 

Add-Tadicle«, detection of, in solable salutanceii 
„ ,, detection of, in insoluble rabstances 
„ „ resotJona of 
Acids, removal from clothes 

,, volumetric eatimiition o 
Air, action of substances on 
, , composition by volume 
„ minor constituents of 
,, specific gravity of 
„ volume of one gram . 
„ weight of 
Alkalimetry 
Alkaline reaction 
Alkalis, properties of 

„ Tolumetrio eatimation of 
Aluminium, reactions of . 

„ detection of, in analysis 

„ volume of hydrogen evolved b; 

Ammonia gas, preparation of 
■ of 






Ammonium, reactions of. 

„ detection of, in analysis 

Analysis of a liquid aubsCance 

„ a aolid substance 

,, an alkaline liquid 

,, insoluble substances 
Analytical Classification and Groups 

„ reactions for the metals 

,, „ for the aoid-radioles 

Antimouy, reactions of . 

„ detection of, in analysi 



), 23S, 243, 26S 



let), 231, 236, 242, 26S 



Appu&tnB, cleBning 

„ list of atudente' 
Area, meunrenieiit of 

,, meunrei of 
A.tMiiate, reactiona of 

„ detection of, in aiutlj^U 
Arsenic, reactians of 

,, detection of, in anaJyiis 
Anenic Gronp, detection and aepatatiou ol 

I, ,, Tftble foranAlyais 
Aiwuids, detedtion of 
Arsenite, detection of 
Atomic weights of elemsnta 

DALANCE. the 

-" Batinm, nactd. 

Barium, detection of 

Boriom Gtoup, detection and Mparation 

„ „ Table for analjrsia 

Bases, properties of 
Basket, wicker 
Beakers, small 
Bench appantna, list of . 
Bending glass tabe and rod 
Bicarbonate, reactions of 
Bismnth, reactions of 

, , detection of, in analysis 
Blowpipe, use of , 
Boiling-tnbes 



of 

„ detection of, in analTsis . 
Borax-bead 

Borax solution, titration of 
Boring corks 
Bromide, reactions of 

„ detection of, in sjialysis 
Bromine, preparation and properties 
Banaen-bumer 

„ flame, nature of . 
Burette, the . 



fJADMIUM, I 

„ detection of, in analysis 
Calcium carbonate, weight of carbon dioxide ii 



. 212, 232, 2C2 



C&lciom carbonate, volume of carbon dioxide i 
Otdctam, reactions of 

„ detection of, in analyeit 
C&ndle-flarae, structure of 
Capacity, meaBnreB of 

„ meMorament of 
Carbide, detection of 
Carbon, propertieH of 
Cmbon dioxide, determination of weight < 
„ „ eBtimation of. in Iceland- 

„ „ in sir, detection of 

,, „ preparation and properties of 

„ teats for. 
Cuban monoxide, preparation 

,, „ properties and test for 

Carbonate, detection of, in analysis 

„ reactions of . 
Carbonatas, the . 
Carbonic acid, reactions ot 
Card for weights . 
Caution for strong acida . 
Charcoal, combustion in oijgen . 

„ ignition on 
Chemioal change • 
Chemical elements, list of 
Chlorate, reactions of 

„ detection of, in analysis 
Chloride Group, detection and separation 
Chloride, reactions of 

„ detection of, in analysis 
Chlorides, preparation of 
Chlorine, preparation and properties ol 
Ohromate, reactiooi of . 

„ detection of, in analysis 
Chromium, reactions of . 

,, detection of, in analysis 17fl, 228, i 
Classification of metals in Gronpa 
Cleaning apparatna 
„ platinum 
Coal gsa, its preparation and c< 
Cobalt, reactions of 

„ detection of, in analysis . 
Coefficient of expansion of goa . 
Colour of substances 



), 237, 247, 251 

SI 

4, 268, 289 



84, 86, 36 

52 

. 7S, 80 



213, 252 

20B 

!, 252, 253, 256 



), 261, 253, 2S6 
176, 217 

I, 239, 242, 251 
166, 167 



ComboatioQ, procesfl of . 

Coiabaationa iu oxygen . 

Oompouuds, cbemical 

Constancy of chemical composition 

Coutenta of ths book 

ContractioDS, list of 

Copper Oronp, detectiou and aeparatioi 

„ „ Table for aualyais of 

Copper, icscttons of 

,, detection of, in analysia 

„ sulphide, preparatioii of 
Corka, boring of , 

,, rubber 
Crucible touga 

Crystalline aalts, preparatioD of 
CryBtallisation, process of 
„ water of , 

Cut filters 

Cutting gloss tnbe or rod 
Cylinder, the measnring . 



Decantation, process of 
„ washing by 

Decimal system of weights and measures 
Decimetre measure 
Decolorising power of eharcoal 
DUtilUtion of water 

Distillation, process of . 

Distilled water, tests for impurities ii 

Draining basket . 

Drawing out glass tube . 

Drying precipitates 
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^ „ Table of symbols and 

Entry in note-book, rules for 

Entry of results, eiomples of 

EquiTalent weights of elements 

,, „ of acids and alkalis 

,, „ determination of 

,, ,, Table of 



Ethens (ethjlene), pTeparation and properties 
Evaporation, procrae of . 
ETsporstian before Oronp III. 
Bzpkudou of gi - ' 
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Ferrous salts, 

„ „ detection of, in « 
Filler, folding of . 
Filters, cut 
Filter-atand 
Filtration, process of 
Flame colorations 
Flanie reactionB . 

Flask, small 
Fleitmann'g test for an 
Float, ErdmaDn's 
Flnoride, reactions of 

„ detection of. 
Formula of reagents 
Fannels, glass 
Fusion mixture 
Fusion with borax 

„ wttli alkaline carbonates 



pAS, correction of volaroe for temperatnr 

„ coefficient of expansion of 
General Group-table for Metals . 
Glass plates 

„ tube, bending 

,, „ cutting 

„ ,, drawingottt . 
Oram, the 
Gronps, analytical 



HeaUng glass and poroelaiu 

„ subatances alone, in air, and in hydro 
„ with fused reagent* 

H;drocbloric acid gas, preparation and tests 
Hydrochloric acid, teste for 
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Hydrogen earbotiBte, reactiona of 
Hjrdrogen chloriile gas, preparation aod testa 

, , , , , , volume of bydrogea ii 

Hydrogso from acid, oieuiDiBiiieiil 

„ „ water, by sodinin 

„ pTepBTStioQ of 

„ propertiea of . 

„ speciGc gravity of 

,, testa for 

„ volume of one gram 

„ weight of 
Hydrogen enlphide, preporattou and propertie 

„ „ tests for 

Hydroxide, detection of . 
Hypochlorite, reactioiia of 

„ detection of, in a 

Hyposnlphite, reactions of 

,, detection of, in a 

TONITION OD charcoal . 

,, changes canoed by 

teat by 
Ignitioii tobea, prepantion of 
Indeatmctibility of matter 
ludio-rabber stoppers 
Indicators 
Indigo-prism 

luBolable salts, preparation of 
Insoluble anbatances, analyiis of 
Iodide, reactions of 

„ detection of, in analysis 
Iodine, prepsj^tion and propertii 
Iron Groap, detection and separation of, 

,, Table for analysis of 

Iku, detection o^ in analysis . 
of 



tripod stand 



T EAD, I 

„ detection of, in analysis 
Iiengtb, measurement of . 
Levigation of residue from oharcoal 
Liquid, analysis of 
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Idat of beiicli-&pp*ratiu . 

Litmne-paper, nse of . 

Litre, the .... 

MAGNESIUM, combiutioii of . 
, , reictiom of 

„ d«tectJOQ of, in Hnslyiis 

„ Tolniue of hydrogen evolved by 

UauguieM, leadlODB of . 

„ detection of, in analyiis 

HfttBh gw, preparation and propertiei 
Marsh's test for m 

of 



;lish and French 
Heasurement of length ■ 

Heunnment of volnme of Ifqnidf 

Meaanring cylinder 

flask . 
Hamorandft 
Heniscna, the . 

HeraQiicam, reactiouB of . 

„ detection of, in analyBie 

Uercnrosam, reaations of 

„ detection of, in analysis 

Meicnry, weight of one c.c. 
HetaU, exsmitiation for, in solution 

„ eqnivalentB of . 

, , pTeliminiry eiamination for 
Methane, preparation and ptopertieB 
Metre, the 

Metric system of weights and i 
Mixtures . 
Uoistare in air . 
Hortar and pestle 



IJAMES and fonnnlee of reagen' 

Nentralising, process of 
Neutral reaotloa . 
Nickel, reactions of 
„ detection of, in analysis 
of 



. IBS, 230, 248 



!, 231, 237, 24B 



1S2, 2S1, 287, 210, 246 



,-reii,C00^lc 



Nitrate, detection of, in analysis 
Nitric acid, preparation of 

„ ,, reactions of . 
Nitric oxide, preparation and properties 
Nitrite, reactions of 

„ detection of, in analyais . 
Nitrogen, preparation of . 

teat for 
Nitrons oxide, preparation and properties 
Note-book, rales for entry in 
,, examples of entry 

AXIDE, detection of 

Oxides, formation from nitrate 
Oxygen, percenta^ in air 

prepal'ation of . 

properties of 

test for . 

volume from chlorate 

weight from chlorate ■ 

pEElfANGAHATE, reactions of 

„ detection of, io analysis 

Pestle and mortar ' . 

Fhasphate, analysis of 

„ detection of, in analysis 

„ reaotioTis of . 

Phosphide, detection of . 
Phosphorus, combustion in oxygen 
Pipette, the . 

Platinnm foil, piece of 

,, wire, mounting of 

,, „ cleaning of 

Porcelain dishes . 
Patasainm chlorate, volume of oxygen from 

„ ,, weight of oxygen from 

PotsBaiam Oroup, detection and separation 
Potassium hydtate, standard solution of 
Potasainm, reactions of . 

„ detection o^ in analysis 

Precipitates, drying of . 

,, removal from filter of 

,, washing of . 

Precipitation, process of . 
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Preliminuy exutmi&tion for meUls 

,, „ foi acid-radiulss 

PrepaiatioD oF crygtiilliiiG salts 
„ ioeoluble salts 

P EACTIONS, entry ot . 

Reaodon tu test-papers 
Reagents, addition of, in excess 
„ list of, with formulEe 
Redaction on charcoal 
Beinach'a teat for arsenic . 
Relation of weight to volume 
RelatiTe density . 
Removing precipitates from filter 
Retort-stand 
Rose -burner 
Ronnd glass plates 
Rnbber stoppers . 
Roles for trying the analytical 

„ „ weighing 

,, „ working 



Silicata, reactions of 

,, detection of, in analysis 

Silver Group, detection and separation of 

,, „ Tabln for analysis of 
Silver, reactiaQS of 

„ detection of, in analysis . 
Soap-teat for hardness in water , 
Sodium, deteotion of, in analysis 

,, diborate Balntion, titration witb acid 
,, hydrate solution, „ „ 

„ hydrogen carbonate ,, ., 

„ reactions of 
Solubility, estimatioD of . 
Solubility, Table of 
Solution, process of 
Spatula, ebonite . 
Specific gravity . 

bottle . 
„ „ of a liquid 

„ ,, of a solid 
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Spirit-lamp 18 


Steam-bath 
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Sarring-iodfl, preparation of 
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Strontinm, reaotiona of . 
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172, 


30, m 


239, 248, 256 








. 144 


Sulphate, reactions ot 
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,, detection of, in analysis 
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Sulphates, preparation of 






. 116 


Sulphide, reactiona of . 






. 202 


detection of, in analysis 
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Sulphides, formation of . 






112 


SulphiU, reactions of 






. 203 


deteoHon of, in analysis 






232 


Sulphur, allotropic forms of 






. 110 


,, combostion in oxygen of 
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. 118 


Sulphur- trioiide, preparation and properlieB ot 




114 


Sulphuretted hydrogen, reactions of 
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Sulphuric add, standard solution of 
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MOf 




115 


Sulphurous acid, properties of . 
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Symbols of elements 
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TABLE for analysis of Group 1. 
■^ „ „ Group II.A 






. 240 






. 241 


„ Group II.B 






. 242 


„ GronpIH.A 






242 


Group m.p 
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Group III.B 






. 344 


Group IT. 






246 


Group V. 
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Table of solubility 






. 250 


Test-papers, use of 






158 


Test-tubes 






. iviii 


Tost-tube brush . 






26 


„ sUnd . 






. xviii 


Therraometric scales, conversion of 






. 267 








. 204 


,, detection of, in analysis 






- 232 


Tin, reactions of . 
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,, detection of, in analysis 
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Tripod-aUud 
Turmeric-paper, t 



volume 
weight 



VOLUME, measnremeut ot 

WASH-BOTTLE, fitting of 
Waahing gases 

„ precipitates 
„ reudoe from charcoal 
Watch -glaues 

Water-bath . . - ■ 

Water, distillatiDn of 

determinatioD of compositioa by 
uatnnl . ■ . ' 

of crTstallisation . 
synthesis of . 
testa for salts in . 
Weighing, roles for 
Weights, the 

Englieh and French 
Wicker basket 
WiregauM 



7INC GROUP, detention and separation of 
^ Table for analysis of- . 



Zinc, reactions of 
„ detection of, in analysis . . 183, 22B, 230, 231, 237, 244 

„ voliuoe of hydrogen evolved by . . - .60 
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Gynaecological Operations (Handbook of). 

B; AlbinU. G.Dotun, F.B.C.S., Surgeon to the SunsrllanHoaplUL 
Bio, witb 161 BngisTlnBi, ISi. 

Diseases of Women. (Student's Guide Series.) 

B; Altbkd I. QiuBur, H.A., H.D., P.B.C.F., Obeletiia Phy- 
alctan to. and Lecturer ou Uldwifery and DlHawii o[ Women at. 
Qny'iHoqiltal. Fifth Edition. Peap.avo,wlthl43Bngravinga,8a.Sd, 

A Short Practice of Gynaecology. By Henry 

JnxHi-T, M.D., B.A.O Dub,, tale Auletant Hasler, BoUinda 
Hoaidtal, Dublin With 13j llloitiatlona, crown Svo, 7e. lid. 

Manual of the Diseases peculiar to Women. 

By Jakk» Ouveb. H.D.. P.B.S.B., H.B.C.P., Fbyilclui to tlie 
Hwpltal tor DiscaHa of Women, London. Poap. Bvo, 3i. «d. 
By the tam« Author. 

Abdominal Tumours and Abdominal Dropsy 

In Women. Crown Sto, 7: M. 

Sterility. By Kobbbt EEL^ MJ)., F.F.P. & S. Glasg., 

Senior Fhvilcian to the Qlatgow Hoaidtai for Dlaeaiei peculiar M 
Women. 8vo,6«. 

A First Scries of Fifty-four Consecutive Ovario- 

tomlea, with Fifty-three Becoyerlea. By A. C. BVTLEKSltTTBt, 
P.B.O.F. Bdln., Burgeon to tbe SamariUo Free Uoapital, Senior 
Surgeon to the aroavenor Boapltol fot Women and Chjldi«u. Sto, 

7, GREAT MARLBOROVQH STREET. 



..gniaub, Google 



S. Sf A. Churchill's Becmt Works. 
A Manual for Hospital Nurses and others en- 

gmged In AtUndlng aa Uie Sick. By B. J. DOHVIU.E, Burgeon to 
ihe Devon uid Biet«r HosplUI. EightJi Edition. Crown Svn, 'ia. ed. 

A Short Manual for Monthly Nurses. 

By CEUuaa J. Oduiuqhobth. U.D., P.R.C.P., Olxtftrlc Fbyddmn 
to St, ThomM'i HogpltKl. BevlMil by M. A. ATsnraoK, Fourth 
Bdltton. Fosp. Hvo, li. M. 

Notes on Gynaecological Nursing. By John 

Bkhjihiit Hiujeb, U.D., Surgeon to the Hoapllal tor Women, elc., 
Leedi. Crown Svo, li, <d. 

Lectures on Medicine to Nurses. By Herbert 

B. Curr, M.D., F.R C.S., Medical BoperintendfDt, Nortii Baetern 
Fever Hogpit&l. Loodon. Third Bdi&ou. With W Illuitrstlond. 
Ciovm»vo.2t.M. 

Antiseptic Principles for Nurses. By C. E. 

BlOBMOirD, F.B.C.S. Foip. 8vo, Is. 

A Practical Treatise on Disease in Children. 



in Children. 

Second Bdltlon. Poit Svo, li. 6d. 
Also. 

The Wasting Diseases of Infants and 

Ohildien. Blxtb (cheap) Bdltlon. Poit Svo, S>. 

The Diseases of Children. By James P. 

GOODKIHT, U.D., F.B.O.P, Sixth Bdltlon, wllb the ualslsnce ot 
a. F. Btux, M.D., MedlCHl ReglBtru to the HogpiUl lor Sick 
Children, Great Ormond Street, ^rown Bvo, I0». 6d. 

On the Natural and Artificial Methods of Feed- 



Materia Medica, Pharmacy, Pharmacology, 

and TherapeotlOL By W. Hiut Whitb, M.D., P.K.C.P., Phy>iplan 
In, aad Leotarar on PbamiBootogy and Therapeutloi at, Guy'i 
Ucnpltal. Fifth BdltloD, bued upon the B.P, ot ie»a. Fcep. 8vo, 
l>.«d. 

Southall's Organic Materia Medica. Sixth 

EdlUon. adapled to the B.P. of ISSS. Bdlt«d by John Bihclat, 
B.Bc. Load. Grown Svo. Ig. 6d. 
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/. 8f A. ChurchiU't Recent Worka. 
An Introduction to the Study of Materia 

M?<lltK, dcfllsned for StudenU of Pbamucy nod Ifedlolne. By 
Heiri a, Obeehish. F.I.C, P.L.B., Profeuor ofUateris HedloB oDd 
PbuniucT to the Fhnnoueuticsl Boolety. With 318 IlliutratloDH, 



iDorganlci 

Practical Pharmacy ; an Account of the 

M«tli(NlBof MumFactutinft And DiipeaBlng Fhu-mmoeatlnl Frflpuv- 
tioni] with ft chapter on the Anklyilg of Prine, ByB. W, Lircu, 
F.C.S., Bumlner at the Fhuraueutiol Society. Wit±i %3 lUuatn- 
tJoua. Itoy. 8vo, Vii. 6d. 

Galenic Pharmacy : a Practical Handbook to 

the Froce^Bes of the BriClih Fharranjopisia. By B. A Oupra, H.P.B. 
Svo, with 76 EngnvlngB, M. Ad. 

Practical Pharmacy. By Barnard S. Proctor. 

Tblrd Bdltioa. Bio.wittaBagnivlDggHidFvi-BlmilePreBriptloni, 1<i. 

The Galenical Preparations of the British 

PlurmAoapceia : a Hacdbookfor M«dl(al uid Phamuceutjml StndeDti. 
By C. O. HlwrHOBRB, H.D., C.H., lata Lectunr on Hoterla Uedim 

and Tbeiapeutlci, Queen Kargiiret'g College, QImbow. avo, t*. M. 

The Pharmaceutical Formulary : a Synopsis 

of the Britlili >nd Porelga FharraacDpcelu. By Hebht BtuOXT. 
T»(ltlh Bdltlon by I. OLnntH BluITHWilTI ISbw, Bi. Bd. 
Sy Uh tamt Author, 

The Druggist's General Receipt-Book. Tenth 

Bdltion. ISmo, St. «d. 

The Book of Prescriptions : containing upwards 

Dt 3,000 Prescrlpticmi oollected from the Pnctlw of the nuMt emloent 
Phyrictang and enrgeoni, Bngliih and Foielgtl. Serentli BdlUoD, 
IBmo, tg. ed, 

A Companion to the British Pharmacopceia. 

By Peteb SquiBi. B«vlKd by Pbtsb Wiatt BquiBi. F.L.S., F.C.S. 

Berentoenth Bdltion. gro, IBa. Bd. 

Bg tin taint Authon. 

The Pharmacopoeias of thirty of the London 

Ho>pltal>, amoged <n Qroupa lor Compartioii. SevenUi BdlUon. 
Pcap. Bvo, Si. 
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■ A. Ohurehiii't Recent Workt. 



Recent Materia Medica and Drugs occasion- 

allv FrBBCribed. NDtaa on tbcir Orfgia unA TbenpeutJra. By V. 
HUHOOQ Lkscbkb, 9.C.S., Penlis Uedalllit. FKtb BUtioo. Sva, 4b, 

Pereira's Selecta e Prescriptis : containing 

LliU of Tenni u»ed Id Preioriplioni, with BipUoalory Nglaf, etc. 
Aim, ■ Serlea of AbbnTl&tad FreKriptioni nlth Truulstlani, 
BItibteenth BdlUon, by JoaiPH IKCS, 34ino, G>. 

Year-Book of Pharmacy: contaiotogtheTrans- 

motloiuofUieBrlHihFhuinMeueiisI Conference. Anniully. Svo,IOi 

Manual of Botany, in two Vols., crown 8vo. 

By i. Seimoldb Gkebh. Bc.D., M.A.. F.R.S.. Frofeuor ol Botuiy to 

the FhamuMHutJciU Society. 

Vol. I.: Uorpholocy uid Anatomy, nlth 788 EncreviilBB. Second 

BdlUon. ;i.«d. 
Vol. II. : Clsulflcation and PhyaloloKy, wllh 111 Engntvlagi, 10a. 
Bs the aame Author- 



The Student's Guide to Systematic Botany, 

inoluding the CluaiflceClon ol Fluita end Desoriptlve Botuy. By 
SOBEBT Bmm.IT, Ute Bmeritni Frofeuor of fiolsny in Klnyi 
College Hnd to the Fbu-mMeutleal Society. Fcap. gvo, with Ka 
KngravlDgB, 3t. Od. 

Medicinal Plants : being Descriptions with 

origlDal flgurea, or the Fiindpel FUnta employed fn Uedlcine, and 
BO usouDt ol their Fropertlei uid Uaea. By Prof. Bshtlet and Sr. 
H. Tbimbii, F.R.S. Id 4 vola.. large Svo, wllh 30« Coloured PlaUi. 
bound in Bait Homoco. Gilt £dgea. £U 11a. 

Therapeutic Electricity and Practical Muscle 

TeatlDK. By W. S. Hedlet. H.D., In charge of the Eleclro-lhen- 
peotic Deputment of the London Hoipital. With 110 llluitiatlons. 
Soy. s™. ea. Sd. 

Practical Therapeutics : a Manual. By 

Mdwied i. Wauks, C.I.B., H.D., F.B.G.F.. and Dudlei W. 
Bvitoh, H.D., B.S. Load. Fourth HdlHon. Crown Svo, IM. 

Bg tkt lami Autkor. 

Bazaar Medicines of India, and Common 

nodical Phmli. With Full Index of DliMaei, Indloatlus Uiair Trot- 
■ ■ - - - . — - . ^[,jg threughoul li ■' 



_^ ._. ._^ p liable thmugtaoot India, ei 

Filth nutton. Fnp. %vo, 6*. 
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S. Sf A. ChurekiU'a Beemt Worht. 
Climate and Fevers of India, with a Series 

ol Cu« (Crooalan Lectana, 1883). By Blr loatrm Tivbbb, 
K.C.B.I., H.D. Bto, with IT T«mpeiBtnre Ohuti, 1^. 

Psilosis or "Sprue": its Nature and Treat- 
ment -, wltb ObHrvmtloni on wloui Fomu al DiarrhiEa acquired tn 
theTropici. Bj Beohob Tbih, H.D. Second and Bu]iir|[ed Bdition, 
with lUiutraUoDi. Svo. 10>. 

A Manual of Family Medicine and Hygiene 

(or India. Publiibed under the Authority of the OovsruiiKgit of 
India. By Sir WluJiM J. Uoobi, K.C.I. B., Jl.D., late Gurgeon- 
Oenenl with the Ooienunent gl Bomhcy. Blilh Edition. Post Svo, 
with 71 Bngravinga, 13i. 

Sy tm tame Aitthor. 

A Manual of the Diseases of India : with a 

Oompendiuni ot Diieaiei gensrally. Second Bditlon. F«t Sro, 
lOi. 

The Prevention of Disease in Tropical and 

Bub-Tropical Oampaigm. (Farkee Uemoriol Phie [or lg§S.) By 
Lleut-Ool. Audkew Duhcmm, U.D., B.S. Lond., F.B.C.S., H.U. 
IndUo Hedloal Servioe. Svo, 13i, «d. 

A Commentary on the Diseases of India. By 

HoKiux OKETtUB, O.I.B., U.D., F.B.C.B.. Deputy BDrgeou-OeiMnl 

H.H. Indian Army, gvo, Ma. 

Hooper's Physicians' Vade-Mecum : a Manual 

olUieFriaolplnaad PractioeolFhyaic. lyiiith BdlUoD. By TT. A. 
Bur, F.E.C.P., F.K.8.. and J. Kuaxr, M.D., F.S.C.F. With 118 
BngnFlngl. Foap. Sro. 13b. fid. 

The Principles and Practice of Medicine. 

(TeitrlxMk,) By the late C. Hiltoh Fasob. U.D., and F. H. 
Fib-Bmith, M.D., F.B.B., F.K.C.P., Phyiioian to, and Lecturer on 
Uediolne at, Buy's Hoapital. Third Edition, 3 voli. 8vo, olotb, Mi, ; 
Hall Leetber, 4«a. 

Manual of the Practice of Medicine. By 

FkdibbiCK TiTi.ua, H.D., F.B.O.F,, Phyiloian lo, and Leotorer 
on Medicine at, liay'i Hoapltal. FlfUi BdiUon. Pott Svo, with 
I, Ite. 
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J. ^ A. CkmrthilVt Seeeni Works. 
A Dictionary of Practical Medicine. By 

larf ana wrtUn. Hdited by Jab. Kihgstoh Fowlib, U.A., U.D., 
F.H.C.P., Phjildan to Hldill«ei HoepltHl uid the Hogpltnl for Con- 
■umption. 8vo,olDtb, Sli.; hilf o&lf, aiu. 

The Practice of Medicine. By M. Charteris, 

U.D., Profewor ol Tbenpeutict and Uaterls Hedica in the Uni- 
venlty ot Qlugow. Bightb BditioD. Bdlted by F, J. Chihteihs. 
H.B . Ob. B. OrowD 8to, with Bngisvlngi on Copper and Wood, lOi, 

A Text-Book of Bacteriology for Students and 

PmctltlouerB of Medicine. By O. H. Stebnbbbs, U.D.. Surgeon- 
Oeneral. D.B. Army. With 9 Flsteg and HX> Flgurn in the Text. 

How to Examine the Chest: a Practical 

Quide for Uw uh ot S(udeDl«. By Samuel West, U.D., F.It.O.P., 
Anlitaiit Fbyaidaa to St. Butholomev't Hoipltal. BeooDd Bdltlon, 
WiUi Bognvingi. Fcsp. Svo, Sg. 

An Atlas of the Pathological Anatomy of the 

Lungi, Bj the Ute WiLSoii Vox, M.D., F.B.S... F.R.C.P., 
Phyiloian to H.M. the Qoeen. With 45 Pbiles (moetly Coloured) and 
BngmilnBB. 4to, halt-bound In Calf. ;0i. 
By tin (oni* Aotliar. 

A Treatise on Diseases of the Lungs and 

pleura. Bdlted bySiDKmr Coupiumd, H.D., F.B.O.P., Physician to 
Uiddleeei HotplUl. Hoy. Svo, with Bngnnngi-. also Portrait and 
Uemolr ot the Author, 36>. 

The Student's Guide to Diseases of the Chest. 

By VnromtT D. H jrbib, M.D, Loud., F.B.CP., Physician lo the City , 
ot iDudon Hoipltai For Diseases ot the Chest, Victoria Park, Fcap. 
Svo, wili 66 lUustralJons (some Coloured), 7s. dd. 

The Schott Methods of the Treatment of 

Chronio Dlwaut ol the Heart, with an account of tbe Hauhelm Batbi, 
and of the Therapeutla Exercises. By W. Bezli TaoSHK, H.D., 
H.B.O.P. Third Bditian. Bvo, with Illu>tistloni,«s. 

Guy's Hospital Reports. By the Medical and 

Surgical Blatt. Vol. XXXVIIl. Third Seriet. Svo, IDs. 6d. 

St. Thomas's Hospital Reports. By the Medical 

and Surgical staff. Vol. XXVI. Ne» Seriei. «vo, Sg.Sd. 

Westminster Hospital Reports. By the Medical 

aod Surgial Staff. Vol. XI Svo, Si. 
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J. 8( A. Churchia*t Recent Work*. 
Text-Book of Medical Treatment (Diseases 



Loodoa. 

Medical Diagnosis. (Student's Guide Series.) 

By SiMUBL FcmncE, H.D., ?.B.O,P., and W. Soltau Fshwioe, 
U.D..B.S. Blebth EdICioD. CronnSra, wltb I3& Bagrayingt.ea. 
Bif the same Aathori. 

Outlines of Medical Treatment. Fourth Edition. 

Alio. 

Ulcer of the Stomach and Duodenum. With 

95 UluatratioDs. Koy. S»o, lOi. <id. 

Alio, by Dr. Samuel Fenwlck. 

Clinical Lectures on some Obscure Diseases 

ot the Abdamen. Delivered st Uie lAndon HoipiUI. 8to, with 
BngiHvlDBs, 7l. ed. 



(85 Ffgiin 

Sy the Jams Author. 

On Slight Ailments : and on Treating Disease. 

Fourth Bdltlon. Syn, Sa. 

Myxoedema and the Thyroid Gland. By John 

D. GlMLETTE. M.lt.C.S., L.B.aF. Crown 8VD. St. 

The Blood : how to Examine and Diagnose 

Its DlseuBBs. By Alfru) C. Coleb, M.D.. B.Sc With « Coloured 
FUta, 8vo, lOs. 6d. 

The Physiology of the Carbohydrates ; their 

AppllcHtion « Food and Relation to Diabet«i. By F. W. Pxvy, H.D., 
Lt.D., F.R.B., F.R.O.P., CoDiultlng FhyilcUn to Qoyg HoipiUI. 
Boyal Svo, witb Flat«8 aad Bngravlagt, lOa. 6d. 

Medical Lectures and Essays. By Sir G. 

JOHNSOI'. M.D., F.R.C.P., F.R.S., Consulting PhyBlciaD to Klng'i 
College HoipiUl, Svo, nitb iS Bngmvlnga, Ibt. 
Bg the same Author. 

An Essay on Asphyxia (Apncea). 8vo, 3a. 
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J. Sf A. Chwehill'B Reemt Workt. 
Uric Acid as a Factor in the Causation of 

DiMue. B; Ai^iutiiBB Htm, H.D., F.B.C.P. Pb;aCcliui to the 
BfetoopdlkD Hoaptlal uid the Bofil Hnpllal lor Oblldran uid 
Woman, mth RiUioa. Bro, vith IS IlluitnUoni, 14>. 

Bronchial Asthma : its Pathology and Treat- 

meat. By J. B. Bbrkxbt, H.D., lute Fbyilclsii t« tba City of 
London Hoiplt&l (or DitujH oF tbe Chut. Second BdiUon, irltta 

Plats* (3(> Piium). STO,10t.<d. 

Treatment of Some of the Forms of Valvular 

DiKUe of Ui« Heut. By A. B. Sajuom, H.D., F.B.C.P.. FbyalclnD 
to tho London Hotpltal. Seooad Bditlon. Pcsp, Sro, with X Bnenc- 
iDgl, U. M. 

Medical Ophthalmoscopy : a Manual and Atlas. 

BjSlrWiU.UN B. Oonu. M.D., P.B.C.F,, F.B.8, Third HdlUon. 
Bditad with the muliUnoe ol Uarcus auKH, M.B., F.B.O.8.. Sui^eon 
to the Koyxl London 0|ditha)mla Hoapltol. With Coloured Plitei 
sod Woodonti. Svo, l«a. 

Bg (*• uiHi AutHor. 

A Manual of Diseases of the Nervous System. 
Vol. I. — Nerves and Spinal Cord. Third 

Brlltlon, by the Author and James Tiiloh, U.D., F.B.C.F. 
Boy. Svo, with IDS Bngraviogi, lit. 

Vol. 11. — Brain and Cranial Nerves : General 

andFunotkiiuUDiKun ol Hie NervomByitem, Second Bdltion. 
Boy. 8vo, wlUi 183 Bngravlngi, SOi, 



Diagnosis of Diseases of the Brain. Second 

BdlUoQ. 8vo, with Ingmilogg, Tb. M. 
.41(0. 

Syphilis and the Nervous System : being a 

Berited Beprint of the LetUomlan Lecturee for 1S90, Dellvor«d boTore 
the Hedloal Society of Lopdoo. Svo, u. 
The Nervous System, Diseases of. By J. A. 

OlWBBOD, H,D., F.B.C.P., Phyildan (o the National HoaplUl (ot the 
PualyMdandBplleptio. With «e niunratlotu. Fcap. Svo, Bi. 6d. 
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J. $■ A. Oharchill's Recent Wbrkt. 
Text-Book of Nervous Diseases for Students 

sod pruCLUonen al Hed<cin«. S; Ohikles L. Su>. H.D.. Fro- 
fflsior ol Nervolu lod HsnUI D[Huat la Bellevus HoipiUl HedJod 
Collage, NewTork. yourtb BdlUoa. WitbatS lUmbnttoiu. Bvo.SOt. 

Diseases of the Nervous System. Lectures 

deltvsnd a.t Qutt HoqilUl. B; Sir SAinm, WtLU, Bart..If.D., 

F.B.S. Second Bdltlon. ivo, 18i. 

Handbook of the Diseases of the Nervous 

8y>t* - - - --- 

in tbe Vlcstoiis UnlTsnltv, ■□< 

Haiicb»t«r. fioy. Svo, wltli 194 Hii4;nTlima, 1 

Stammering : its Causes, Treatment, and 

Curs, By A, Q. BaRNUm, H.B.C.S., L.B.C.P. Crown Bfo. St. 

Secondary Degenerations of the Spinal Cord 

(Halstontan LBCturB-, 1869). By HowiBD H, Tooth. H.D., P.K.C.P., 
Aulstant Fhyildui to the HlttJonsI Hoiplul lor the Fimlywd Uld 
Bpileptic. Wltb Flat«i and Bngnvlngi. gvo, 3a. Sd. 

Diseases of the Nervous System. Clinical 

Leetures. By TnoMja Buiuhd, M.D., P.B.C.F., Phyiiolui lo the 
national HoaplUl torthe Puklyeed uid Bpileptia. With BngnvlDn. 
flvo. 16.. 



8vo. 6^ 

On the Simulation of Hysteria by Organic 

DlKue oT the Merroui Syitem. Crown Svo, 4a. fld. 

On the Typhoid Bacillus and Typhoid Fever, 

beitia the Goulitonlon Lecture! delivered before the Boyal CollMe 
or PbTildina In Haroh, ISW, by F. HdBTOIT-SHITH, H.D., F.B.O.P. 

Wilh lUuBtrfttioni, Svo, Ka. 6d. 

Gout in its Clinical Aspects. By J. Mortimer 

QRUmLi.B, If.D. Crown Bvo, is. 

Diseases of the Liver : with and without 

Jaundloe. By QsolulKHutLET, U.D., F.B.O.P., F.B.S. 8ni,i>lUia 
Flutea itnd 36 Bngrsvinci, aia. 

Rheumatic Diseases (Differentiation in). B7 

Huan LiHi. Buri^eon to the Boyml Ulneral Water Hotpital, Bath. 
Second Hdftton, much Bnhrged, with 8 Ftata*. Orown §70, Si. Sd. 
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J. Sf A. OhurcMll'i Recent Workt. 
Diseases of the Abdonien, comprising those 

of the Stonuflh uid otlier ptuta oTUw Allmentu; Caul. (Buphagiu, 
CiHum, InteriJnei, uid PeritoDeum. By S. O. HABEBaHOV, H.D., 
F.R.C.F. Fourth Bdltlon. Sro, witb S FUtas. Sli. 

On Gallstones, or Cholelithiasis. By E. M. 

Bbooebihx, H.D. Vist, H.B.C.P. Land., Hanonir PhyilcLui to the 
Aucwli Hot^tal. Uanchwter. Cra*n gro, T>. 

On the Relief of Excessive and Dangerous 

Tympanltei by puncturing tbe Abdamea. By John W. Oglk, ILD., 
Contulting Pbyilclan to S(. 0«arge'i Hoipltal. Sva, t». M. 

Headaches : their Nature, Causes, and Treat- 

ment. By W. H. Dav, H.D., Phyilclui to tbe Buaaritm Hogpital. 
Fourth Bditlon. Crowa Sto, witb Bngnvingt, Ti. 6d. 

A Handbook of Medical Climatology, embody- 

Jng <ta PrJnotples and Therapeutlo AppUoatlon, with SolentlBD Data 
dI (he flhiel Health BesortBoC tbe World. By S.Bnvor Sour.U.O., 
M,H.C.8„ late President ot the American Climstoiogical ABSocintlon. 
With BngisTlngi and Coloured Plates. 8to, ie>. 

The Mineral Waters of France, and its 

WiuUrfng Station! IMedlcal Guide to). With a Special Uap. By &. 
VDTau, If .D„ Phyilelui to the Freneb Kmbaaiy, and to tbe Frenob 
Hoepltal, LoDdon. Second Bditlon. Crown 8vo, Si. 

Surgery : its Theory and Practice. By William 

J. w .rjirni , F.B.O.8., Surgeon to, and Leolnrer on Anatomy at, 
St. BartJiolomew'i Bogpltal. Seventh HdltlOD. Fort Snt, wiUi tS3 
BngravlDgt [Including 28 Sklagranu), lb: 

A Synopsis of Sui^ery. By R. F. Tobin, 

leiit^er binding, St. Sd. 

Surgical Emergencies : together with the 

Bmeigendei attendant on FarturiUonand tbe Treatment ot Polun- 
iDg. By PlUL Swiin, F.R.C.S., Surgeon to the South Devon 
and Bait Oomwall Hoipltal. FlFth Bditlon. Orawa Svo, wItb lt« 
Bogravlngi, S>. 

Illustrated Ambulance Lectures : (to which is 

i<IdedaNDitiiiiSl.BcrrVBE)lnacoai:danoe witb the BegulsUoni ol tbe 
St. John'! Ambutanoe Aesodatton tor Uale and yemale OluK*. By 
JOHH H, H. Mixta, H.l),, F.B.C.S.. Hon, Surgeon to the Blackbnm 
InArmary. Ponrtb BdlUon. Crown Bvo, with to BagraTlngt, St. 
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J. S( A. GhwckiU*t Recent Works. 
Operations on the Brain (a Guide to). By 

Aleo Pbassr. ProleHor or'Aoatomy, Boyml College of BargeoQe 

In Inknd. lllu>tnt«l by 43 IKe-elH PLatei In Autotype, uid 3 
Woodcut* In tlie text. Folio, B3i, 

Abdominal Surgery. By J. Greig Smith, M.A., 

F.B.6.S. Sixth Bdltlon. Bdlted by Jixm BlTAD, U.S., M.Q. Loud., 
F.R.O.a. Bng., AHlitunt-Sunteon to tbe BiIMol Boyal Inflrnury, 
FrofcHor of Surjjery, Uoivenily College, Briitol. a noU, 8T0, with 
331 BngnvlugB, See. 

The Physiology of Death from Traumatic 

FSTer; ■ Study in Abdominal Surgery. By JOHH D, 1111,0001, 
M.B.. C.H., F.B.C.S.H.. Surgeon to the BsmarllaD Free Hoapltal. 
8vD, 3i. M. 

The Surgery of the Alimentary Canal. By 

Alfhed Ebhist MlTI.lll(i. U.B. Loud, and B.S., Senior Surgeon to 
the Vlctorls Inflmuiry. OU.gow. With 27 Swantype Platen end 89 
FIgurea in the Text, 8vo, 3Ag. 

By lilt (flint Jutlnr. 

A Student's Handbook of the Surgery of the 

Alimentary Ousl. With 97 Illuitrationa. Grown Sto, m. 6d 

Surgery. By C. W. Hansell Moullin, H.A., 

H.O. Oion., F.B.O.B,, Surgeon and Lecturer en Phyitoloffy to Uw 
IdDdon Hogpitsl. Large Sto, with 48T HngnvlnBa, 34i. 

The Practice of Surgery : a Manual. By 

TsDiua Bhyut, Oontultlng Sorgeoa to Ouy'i HMi^tiU. Fbnrth 
Bdltlon. a roll, crown EWo, vlUi 7M Bngrarlngi (nunj being 

Coloured), and including ehromo platea, 33fl. 

The Surgeon's Vade-Mecum : a Manual of 

Modem Surgery. By B. Dkuiit, F.B.C.S. Twelfth Mltlon. By 
Stahlev Bon), M.B., F.R.C.S., Auiitant Surgeon and FatholocUt 
to Charing Crou HoBpltal. Crown Svo, witb 3T3 Hn^nvlngs, Ida. 



7, GREAT MARLBOROUGH STREET. 



..gniaub, Google 



J. 8f A. CAurcMll's Recent Workt. 
A Course of Operative Surgery. By Chris- 

TOPBIR Hbith. Surgeon to nnlvently College Hupltal. Second 
Bdltion. With 30 Coloured F]»te> (ISO igant) from Nature, bj 
M. LirsiuJ, and Hvenl Woodouta^ lArge flvo, 30l. 
Bt U> tamt Authar. 

The Student's Guide to Surgical Diagnosis. 

Seoond Bdltion, Fcap. Bro. fig. M. 
Alto. 

Manual of Minor Surgery and Bandaging. For 

the uw o( Hou>»-SurgeDni, Dreisen, and Junior FnwtiUonan. 
SleFonth BdltJon. Pnp. ivo, vltb ITS Bngnvlndi. fa- 
Alto. 

Injuries and Diseases of the Jaws. Fourth 

Bdltion. Bdltcd bj Hnmi Perot Dkik, M.S., F.R.O.S., AuliUnt 
Surireou to tbe London UoipftA]. STO,irltbl87 WaodBn£ravingft,lU, 
Alto. 

Lectures on Certain Diseases of the Jaws. 

Deliveied mt tba R.O.8., Bngland, 13ST. Bvo, with «4 Bocmvingt, 



Clinical Lectures on Surgical Subjects. De- 
livered la Dnlvenlt; College HoBpltsl. Second Edition, enlarged. 
Fnp. Svo, nith 3T Bngnvlngi. «g. 

Ovariotomy and Abdominal Surgery. By 

HlRRiaoH Cbipm, r.K.C.B., Surgical Staff, Bl. Bartholomew's 
BoaplML Wltb nomeroui Flatei. royal Sro, Ht. 

Diseases of Bones and Joints. By Charles 

Ukwamasi. F.B.C.a., Burgeon to, and Lecturer on Surgery at, the 
Weitmlnater HoapltAl. Svo, wltli Flalei and Bngravlngi, I3i. 

Surgical Pathology and Morbid Anatomy. 

By Ahthomt A, Bowlbt, P.R.C.S., A-MliUnt Surgeon to 8t. 
Bartbnlomew'H UoApltal. Fourth Edition. Crown Sto, wltb IBfl 
Bngiavlngi, IDi. 6d. 

Bt tUt tamt Author. 

Injuries and Diseases of Nerves, and their 

Surgical Tieatment. Sto, with 30 Flatea, IM. 
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J. S( A. OhttreMlVt Recent Work». 
The Human Foot ; its Form and Structare, 

PuDcUotu imd Olotbing. B; Thouu B. Bilib, CoiunlUiiK BnrgMn 
lo the OlDiKMler lullmiaiy. Witb I Fliit«i imd Hngnrlngi (SO 

FiirnrM). ivo, U. «d. 

The Deformities of the Fingers and Toes. By 

WILLIIM AHDEIUon, F.B.C.S., Surgeon to St, Thomu'i Hoipltal. 
Svo. with 18 engiivlngi, St. 

Short Manual of Orthopaedy. By Heather 

Bias. F.R.C.a.Bd., F»t I. DeformEtiei and DeficlendM of tbe 
Hud ud Nock. 8vo, 3>. «d. 

Face and Foot Deformities. By Frederick 

OHUHOHnx, O.H. Svo. wlUi Flatoi and tlluitntloni. 10>. «d. 

Royal London Ophthalmic Hospital Reports. 

By the Hedksl tmd SargiCBl StAH. Vol. XIV., Fmt S. Sva, 6i. 

Ophthalmological Society of the United King- 
dom. TnoHCtloni. Vol. XIX. 8to, ia>. ed. 

Manual of Ophthalmic Surgery and Medicine. 

By W. H. H. Jisaop, M.A., F.K.O.8., Ophtbalmlo Surgeon to St. Bu^ 
tholomew'B H»pltol. With 5 Coloured Flatea wid 110 Woodoute. 

Nettleship's Diseases of the Eye. Sixth Edition. 

Berlsad snd Bdlted by W. T. HoLius Spicbb, H.B., F.B.C.B., Opb- 
thilmio SurgeoD t« tbs UetropoUtao Hoipitsl and tbe VlotorU 
HfliiritAl loi Children. With ISl BDenTini* and & Coloured Flite 
llluitratlng Ooloui-BllDdnea. Crown Svo, Si. 6d. 

Diseases and Refraction of the Eye. By 

IT. C, HiOHAtURi. T.B.C.8., Surgeon to Weitminitor Hoapllat, uid 
QusTiTUS HiBTRiiisa, F.R.O.S.. Surgeon to the Bo^sl Wettmlniter 
Ophthslmlc Uogpital. PIKb BdlCion. Crown 8vD. wIUi Pble, IM 
bigrsTlngi, alu Teit-type>, lOi, ed. 

On Diseases and Injuries of the Eye: a Course 

ot Syitcnudo and Clinical Leoturei to Studeula and Hedlcsl 
PractlUonen. Bj J. R. WOLFB, M.D., F.B.G.S.B. With 10 OobuMd 

Plalea and 151 Wood BneiftvlnKe. Svo, 31>. 

Convergent Strabismus, and its Treatment, 

au Biaay. By Bdwih Holthoube, U,A.. F.R.O.S., Surgeon to the 
Weet«m OpbtbalmJc Umpital. Sto. «a. 
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J. S( A. ChurehiU't Recent Work: 
Normal and Pathological Histology of the 

Hnnun Bye mm) Byellda. By C. Fbsd. FoiXoOE, U.D., F.B.C.S., 
tnA F.B.8.B., eurgsoii lor DiHu» ol tbe Bja to Andenon'i Oollag* 
DIapuuuy, (Uavow. OronD Bvo, nitli 100 Platea (330 dnivtiiKi), II*. 

Atlas of Ophthalmoscopy. Composed of la 

Obramo-Uttiagniphlo PUt« (BO Flipirei dnwa (rom nature) uid 
Bipluutory Text. By BiCHABP LuBmoim, M.B.0.8 Tiuubitedby 
H. BaBBOioiiSH SviMiT, M.B. Tblri BiUtlon, <to, 40i, 

Refraction of the Eye : a Manual for Students. 

By HuBTAvna Habtridoe, F.B.C.S.. Surcemi to tba Boyal Weit- 
miiutar OphUubnk Hoiidtal. TbdUi Bdltlon. Orown Sto, witb 
104 IlluBtntlODi, Bin TeM'tjpei. etc., tt. 

Ba tkt tame Authtr. 

The Ophthalmoscope : a Manual for Students. 

Third Bditlon. Ctowd Sto, nrfth SS Itluatntloni and 4 FEatei, 41. Cd. 

Glaucoma : its Pathology and Treatment. By 

PBiBnxET SuTK. OpbUislmfo SarRMn to the Queen'g Hogpttal, 
BlrmEnghain. Avo, with 04 Engraving uid la Zlnoo-photognplu. 
Ii.«d. 

Methods of Operating for Cataract and 

SeoODdary ImpalrmeDti of Vlilon, wItb the ranlti o[ 500 cueg. 
By Maiot G. H. Vm.. H.U. ludiui MMUoHl Sarloe. Oionn Svo, 
with IE Bngmvliifi, Eifl. 

Diseases of the Eye : a Practical Handbook 

lor Qeneml FncUtioaen uid 3tud«ita. By Obcc Bdwabd Seiit, 

H.D. , H.Ch., 0[flittAlmio SuTKeon to the UliMr Hoapltal lor Children 
ind Women, Belfut. With ■ Teit-Oard tor Oolour-Bllndaeia. Crown 
8ni, 3t. «d. 

Eyestrain (commonly called Asthenopia). By 

BBrnm CuBKE. H.D., B.8. Land., Surgeon to tho Central London 
OpbtbslmlD Hoipltal, Surgeon and Opbthshuto Surgeon lo tbe 
Miller HoipJUI. Seoond Bdltlon. Sto. with 33 niuatntloni, E(. 

Diseases of the Ear, including the Anatomy 

uid Fhyilology ol the Organ, together with the Tmtment M the 
Affeotlnns of the Nose uid Pharynx, which conduce la AanI DIksk 
(a Tteatlte). By T. H>be Hovell, F.B.C.S.B., H.B.O.S.; Aural 
Surgeon to the London Hoaplta], and Lecturer on Pii o ai M ot ^e 
TbroBl Id the College, etc. Sro, with 113 Bngiavlngi, ISi. 
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J, ^ A. Churchill't Recent Works. 
Diseases and Injuries of the Ear. By Sir 

WnJ.iAH B. DiLBt-. P.S.C.8., U.fi,, OoiuuIUdk Auiml Snrga™ to 
St. George'a HoaplUI. Fourth BdlUon. Oromi 8to. Kith 8 Colonrsd 
Fbitei uid 3B Wood Bngnvlngt. 10a. U. 
Bii tin lamt Antlnr. 

Short Contributions to Aural Surgery, between 

IBTSud ISM. Third BdCtion, 8vo, with BugiftvlnKi, te. 

A System of Dental Surgery. By Sir John 

T0HB8, P.B.B., and 0. S. Tohbb, H,A., F.B.S. Poorth Sdltlon. Port 

8TD,irlth 3W BnRTKTlDgi. lea. 

Dental Anatomy, Human and Comparative : 

A ICsDual. B; Ohau.eb 8. Tons. H.A., P.B.S. Filth BdlUon. 
P«t BvD, with Xa BngnvlDKi. Ui. 

Decay in Teeth : an Investigation into its 

Csuie and Pretention. By J. Sis Wallicb. U.D.. B.Bc. 
L.D.S.B.O.S. Bto, 5i. 

Dental Materia Medica, Pharmacolofnr and 

Tberapeutlci, Sy Chuiles W. GugBmsTOH. U.H.C.S,, L.D.3. 
Bdlo.i Senior DenUI SnrKeon, WeiUnlniter Hoiidtali DenUI Sm^ 
geon, Nstldnftl Dentil HotplUI. and lecturer oa Dental Ual«rUi 
Bfedlca and Therapeutic) to the Gollega, Crowu Bro, Si. 

Dental Medicine: a Manual of Dental Materia 

Hedlea uid IhenpeaticL By FasDUfjjiD 3. 8. Oosaia, H.D., 
D.D.S.. ProlMaar of the PrincJpletoC D.*ntat Soienoe in the Unlvenlty 
Dt Uaryland. Sixth Bdltlon. Syo, ISi. 

A Manual of Dental Metallurgy. By Ernest 

A. Smith, P.I.C. AaaiaUnC Initructor In Metallurgy, Boyal GolleRe 

of Science, London. With 31 lUuitntloni, crown e>D, Bi. 6d. 

A Manual of Nitrous Oxide Anaesthesia. 

By J. Fhedibice W, B11.E, M,I). Lond,, U.B.C.B., Aaaiituit 

AnnOietlBt to Quy'i Hoapltol, AnnabheUat to the Dental Sohool ol 
auy*! HoiplUI, and to the Boyal Free Hoapllal. evo,wlth 39 Bn- 
Rravingi, 61.. 

Practical Treatise on Mechanical Dentistry. 

By Joseph BlCHAKoBOn, U.D., D.D.8. Seventh Bdltion. revtaed uid 
edited by OmsaB W. Wibber. D.D.S. Boynl Svo, with SM Bngnv- 
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J. ^ A. OhurchiU'e Beeeni Works. 
A Handbook on Leprosy. By S. P. Impey, 

U.D., IMe Chief and Uedlcsl Superintendent, Kobben Iilmid Leper 
and Liuutic Aiylumi, Cape Oolony. Willi 38 Plata, Svo, 13>. 

Diseases of the Skin (Introduction to the 

study of). By P, H. PTE-6iaTH, H,D.. F.B.S., F.B.C.P., PbyBlclui 
to Ouy'i Hoipital. OrowD Svo. with 36 HnsnvlnK^ la. M. 

A Manual of Diseases of the Skin, with an 

Analyaii ol 20,000 Couiecutiie Cuei and a Parmultry. B; Duncui 
B. BULKLBr, U.D., New York. Fourlli BUtlon, royal l«nio, I». «d. 

Skin Diseases of Children. By Geo. H. Fox, 

M.D., Ollalcal Profeasor of Diieaieiof the Skin, College of Phvilcluu 
and SurgeoDa.Ilew York. WlCb 12 Pbotognvure and Cbromognipblc 
Platea and «0 Illuitratlonj In tbe Test. Boyal 8vo, 12i. Sd. 

The Operative Surgery of Malignant Disease. 

BtHekbiT. BUTLra. F.B.C.S.. Surgeon to St. Bartbolomew'a Hoe- 
pftal. Second Bdltion, wtth 13 BngnviogB. 8va, 14a. 
Bg the samt Author. 



Alw. 

Sarcoma and Carcinoma : their Pathology, 

Illagtioali, and Treatment. 8vD, wltb 4 Platet. 8g. 

Cancers and the Cancer Process: a Treatise, 

Practical and Tbeoretio. By Kbbbkbt L. Show, H.D., Hurgeon to 
the Caaoet HoaplUl, Brompton. Bvo, vfth \b F1al«a. ICa. 
Bf the aame Anther. 

The Re-appearance (Recurrence) of Cancer 

after apparent BiUrpatlon. Svo, 5a. <d. 

The Palliative Treatment of Incurable Cancer. 

CroHD Svo, 9>. «d. 

The Diagnosis and Treatment of Syphilis. 

By TOK BoBUcsoM, U.D. Bt. And., Phyalolan to tbeWeatem Bkin 
Hoapllal. Second Hdltlou. Crowa Svo, 3i. Cd. 



7, GREAT MARLBOROUGH STREET. 



..gniaub, Google 



J. Sf A. Okttrchill't Seeeni Woria. 
Cancerous Affections of the Skin (Epithelioma 

■ndBodantnioer}. B; Qeobsc Tbu, M.D. Port Svo, with S BngisT- 



Urinary and Renal Derangements and Calcu- 

1du> DlKrden. By Liohki. 8. Bitu, P.B.O.P., F.B.8.. Pbyiiolan lo 
Klnff'i College Uoapttal. Svo, 5*. 

Chemistry of Urine : a Practical Guide to the 

AnBlytial BiimlnHtiau ol DUbetla. Albumlnoui. und Oauty Urine 
By Aunsii H. Alld, F.I.C, PCS., Public Analyst tor Oie West 
Biding ol Torkiblre, to. Bvo, with Bngnvingg, Ti. 6d. 

Clinical Chemistry of Urine (Outlines of the). 

By C. A. UtoMDKS, U ,A., H,D. gvo, with M Bnirarlnn and Pbite 
ol Speotn, 9a. 

Diseases of the Male Organs of Generation. 

By W. H. A., Jaodbsok, H.Gh.Oxon., P.B.O.B., Airigtuit-Siirgeoii to 
Ouy'* HoipltAl. Svo. with 88 Bngnvingi. Mt. 

Atlas of Electric Cystoscopy. By Dr. Emil 

BUBCIHJRBT, liUe or the Surgie^ Ollnlque of the Cnlvfralty ol 
BUe. ud B. HUBHT ranrvjs, P.B.O.S., Surgeon to the London 
Hoqiltsl md St. Peler'i Honi!t«l tor Slone, Boy»l 8yo, wlUi 3t 
Coloured PUtAi^ embraofng S3 Piguren. 2ls, 

Electric Illumination of the Bladder and 

Urethn, u a Ueang ol DiaRnoiig ol Obaenre VMloo-tJrathrsI BlMuei. 
By B. HUBBT Pbbwioi, P.B.O.S., Surgeon to London HetplC&l end 
St. Peter'i HotpK&l lor Stone. Seooi^ Bditlon. Svo, with M Bn- 
graTiogi, 0a 6d. * 

By tilt Bame Author 

Tumours of the Urinary Bladder. The Jack- 

■onUn Prize Biuyol I9«;,rewritUn with 300 addltloQiO oueL In 
lour FHOioall. Fu. I. Btryol Svo, fit. 
Also. 



The Cardinal Symptoms of Urinary Disease : 

tbalr DluooiUo Slgnlflouia sad Trvtment. Std, with 3S lUiuln- 

7, aSEAT MARLBOROUGH STREET. 



..gniaub, Google 



J. 8( A. Ohmrdviffi Seemt Worh». 

Ba am hekry thompsoh, bart., F.aj}.s. 
Diseases of the Urinary Organs. Clinical 

LecturM. Eighth Hditlon. «vo, vlUi lai Bognvingi, lOi. M. 

Some Important Points connected with the 

Surgery or (he Urinary Orguu. Lecture* delivered In the B.C.S. 
Svo. with « Bngravingi. Studanfa HdlMon, a>. M, 

Practical Lithotomy and Lithotrity ; or, an 

Inquiry Into the Beat Hodet <jF BemovlDg Btone from the BlAdder. 
Third Bdltloa. ivo, with S> BngravlDgB, 10>. 



Stricture of the Urethra, and Urinary Pistulae : 

their Fathok«y and Treatment. Tourth Bdltlon. 8td, with 74 Bu- 
gimvlngi, 8«. 



The Clinical Examination of Urine, with an 

AtU» of Drinary DepoelM, By tuiDi^r Scott, H.A., M.D., with 
11 orlgiiu] Flatei (motCl; in colours), Orownlto, 15s. 

The Surgical Diseases of the Genito-Urinary 

Orguu, iDDludIng Sypbllia. By B, L. KBTm, M.D„ Frofeuar Df 
Genlto- Urinary Surgery, Syptailology. and Dermatology In Bellevne 
Hmpllal Uedicsl Oolite, Hew Xork (a rerUon of Vah BUBBV and 
KZTEB' I^lrbook). Koy. Sto, with 114 Bngravlnga, all. 



Selected Papers on Stone, Prostate, and other 

Dlwrden. By HseiHALD HiKKUi ~ 

■» Hugpttal. Svo, with IG Illuatnitic 



Uriuary Dlwrden. ^ HseiHALD HiKKUoir, F.B.C.S., Surgeon to 



Syphilis. By Alfred Cooper, F.R.C.S., Con- 

BUlUng Surgeoa to theWeat Loudon and the Lock Hoipitalt. Seoond 
, HdiUon. Bdlt«d by Bdw^kd CoTTksiLL, F.R.O.S., Surgeon (out- 
patient!) lo the London Look Hoepllal. Sto, with 34 Full-page 
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J. Sf A. Ofmrchill'a Seeent Works. 



On Maternal Syphilis, including the presence 

tad reoi^nttloa or Syphilitic Felvia Diieueln Women. By JOHII 
A. Shaw-Ma cuiHEiB. H.D, Witb Ooloared FlaUi. Sto, la>. M, 

Diseases of the Rectum and Anus. By Alfred 

CoopKB, r.S.C.S., Senior Surgeon to St. Harti Hogpltal lor 
FlBbalB; and ¥. SWDiroitli Bdwahds, P.B.O.S., Senior AulituU 
Burgaon to St. MuIi'b Hnpltal. Second Bdltion, wlUi lUuetntloiu. 

Diseases of the Rectum and Anus. By 

Babbuoh CRIPpa, F.B.C.B., AuliUnt Surgeon to St. Bartholomew'B 
Uoqiltal. etfl. Second Bdltion. 8to, with 13 Uthr^nphlc Pbtal sad 
numeroiu Wood Bngravliigi, 13i. «d. 

Bg the (OHH Authar. 

Cancer of the Rectum. Especially considered 

with resajd to lU Surgical Treatment. laokMnian Frlie Buay. 
Third Bdltion. Bvo, wi(S 13 Fialeg and several Wood Bngravingi, it. 
AM 

The Passage of Air and Faeces from the 

Crsthoi. Sto, 3i. «d. 

A Medical Vocabulary : an Explanation of all 

Tonne uidPtmeeaueedlDtlievsrIouiDepHTtmeiittolHtdliBl Soieuoe 
and Practloe, their Deriiation, Ueanlng, Application, mA PronnnolB- 
Uon. By B. Q. UiYics, U.D., LL.D. Sixth HdltiOD, by W. W. 
WisaTAraK, B.A., F.H.C.8. Crown Bvo, Id. 6d. 

A Short Dictionary of Medical Terms. Being 

an Abridgment of Hayne'i Vooabulary. 6Uno, St. ft), 

Dunglison's Dictionary of Medical Science. 

Containing a lull Biplanition of Ita varioui Bu^eott and Term*, 
fint Bdltion. By KiCBiLU) J. DutfouaoK, A-H.. U.D. Bo^Svo, 30a. 

Terminologia Medica Polyglotta : a Concise 



Hogpltal; and BuaoIiUIS, B.A. Crown ivo, h^-Fenlan calf, \3t. 

A Handbook of Physics and Chemistry, adapted 

to the requirement! of the flnt eiambiatian ol the Conjoint Board 
and for genenl uae. By Hebbbrt B. OottBDr, B.Sc. Lond., and Abcei- 
BUD U: Siawm.B.So.Lond. With \X lUuitTations, crown Bvo., 
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J. 4" -A- Churchill's Recent Workt. 
A Manual of Chemistry, Theoretical and Prac< 

U«1. B; WnxiAM A. Tiu)kh, D.So., F.R.S , PrafeHor ol Otwiuiitry 
in the B^hI Ootlege at EMiDce. London i Huminer In Ohemlitry to 
tbeDeportmsntof^aaoeiuidAn. With 3 FIMm snd 143 Woodouti, 
orown Bto, lOi. 

phemistry, Inorganic and Oi^anic. With Ex- 

perlmanU. By Okaslu L. 9i«ku(. Eighth HditiOD, Irr John 
M""" Teokbon, F.B.S., Profenor o( OhemiMiy la Klug'g Coiiege. 
London, Hnd Abtedk G. Blouh, Hetd Dl the Ohemii^ Detnui' 
ment, tb« Qoidimlthi' Initltute, New OroH. SvD, with sA BogriT- 
lon, 18*. ed. 

By tht tojBt Author. 

Laboratory Teaching ; or. Progressive Exer- 

atHi in Pnotlcsl Chemlitry. Siitta Bdition, by Abthdii Q. Blozui. 
Crown fivo, with 80 Hngr^vingaT 0i. 6d. 

Watts' Organic Chemistry. Edited by William 

A. ToJiat, D.So., F.B.S., Profemr of Ghemlitiy, Bojal College o[ 
Science. loBdoD. Second Bdltlon. Crown 8eo, lOi. 

Practical Chemistry, and Qualitative Analysis. 

By Fun Clovu, D.Bc. Land., RmerltuH Frofeisor of Che mlsb? in 
the Unlcenity Doltage, Nottinghaju. Seventh Bdition. Fort Std, 
with 101 Bogmingi and FrontiBcleco, Si, ad. 

Quantitative Analysis. By Frank Clowes, 

D.Sp. Land., Bmeritua Profasaar of Chemiilry in ttie Uoivenity College, 
MotUoghun, and t. BEHmBD Ooleuah, Auoo. B. C Sol. Dublio; 
Profenor of Chemiitry, SDulh-West London FDlytechnlc Fifth 
Bdltlon. Poet Svo, with 123 Bngnvlngi, IQa. 
Bn the tama Aathora. 

Elementary Practical Chemistry and Qualita- 
tive Anolyili. Thiid Edition. With BS Bngravlnga, Poat Svo, 3>. «d 
Alan 

Elementary Quantitative Analysis. With 62 

Bngnvlngi, Post 8vo, 1b. 6d. 

Qualitative Analysis. By R. Fresenius. Trans- 

IM«d by Ceabus B. Gbovsb, F.B.S. Tenth Bdition. Svo, with 
Ooioured FlHte of Speetm and t6 Bngnvlngi, UM. 
Bi tha tama Author. 

Quantitative Analysis. Seventh Edition. 

Vol. I., Tranalated by A. Vaohbb. 8vo, with 

IM BngnviugB, Ua. 

Vol. n., Translated by C. K Gbovbi8, r.R.8, Svo, 

witli 113 BngnTlng*, 30a. 
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J. S( A. Churchill's Recent Wbrkt, 



tillB, K.C.B., D.C.L., LL.D., F.^S., and Fbjucib _. 

Fb.D., F.I.C., F.R.8., ProlBuoT of Chemlttry In the Unlvenity of 
Aberdeen. Sva, vlth uumeroui Illuatmtiona on Etooe and Wood, 3ta. 

Inorganic Chemistiy (A System of). By 

WiLLUM IUhut. Fb.D., F.R.E., Prnfeuor at CbemMr; In the 

Uoivanit? College, Landau. Svo, n-ltta Bngnvfngi, ISe. 

Elementary Systematic Chemistry for the Use 

at Bchooli and Collegei, Witb Bngnviogg. Grown Sro, 4a. 6d. ; 
laterlemed. !>>. M. 

Valentin's Practical Chemistry and Qualitative 

■nd Oumtltotlye AnaUaii. Bdllod by Dr. W. H. HoiH.iHBOa, 
F.B.B.B., Freremr of Chemllt^ mnd Fiiyilci at the Boysl UlliUry 
Academ7,uidAniller;CaIlet(e,%oalwich. Klnth Bdltlon. BvD, «i(£ 
Bngravlngi and Uap of BpeOm, Bg. (rheTablesiepantely. ^ td.) 

Practical Chemistry, Part I. Qualitative Exer- 

clsea and Analytical Tabl^B tor Studenta. By I. Campbul Bbowh, 
Pinfeuor ot Cbemiitry In VlcMrla Unlvenity and nnlvenity College, 
Liverpool. FourtE BdltloD. Svo. 2i. 3d. 

The Analyst's Laboratory Companion : a Col- 
lection or Tables and Data for Ohemlsti and Students. By Alfred 
B. JoHBBOH, A.fi.C.S.I., F.I.C. Second Bdltiou. Crown Svo. cloth. 

Commercial Organic Analysis : a Treatise on 

the Fropertiet. Uodea ot Aaiaying, Froiimate Analytical Biamination, 
elc, ot the varioui Organic OhcmJiiali and Producta employed In the 
Arta, HauulHCturea, Medielne, etc. By Alfhed H. A1J.E11, F.I.O. 

Third Edition. 
Vol. I., 18s. ; Vol. II., Part I., 14s. : Vol. II., Part 

II., IK. 

Second Edition. 
Vol. III., Pt. II., 188.; Vol. III., Pt. III., 16h. ; 

Vol. IV. , completing the work, ISb. 

Volumetric Analysis {A Systematic Hand- 
book ol) 1 or the Quantitative EatlmaUon of Chemical Subatancei by 
Heaiure, applied to Liquids, Solida, and Qsaei. By FBIHOU SuTTOK, 
F.O.S., :F.I.0., PubUa Analytt lor the Oouaty of Sorfolk. Blgbth 
Bdltton. Svo, witb 113 Bngravlngi, aOa. 
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J. ^ A. Churchill's Seceni Works. 
Chemical Technology ; or, Chemistry in its 

AppllCBtionB to Arts uid Huiufectiuea. Bdit«d b; CaiELU B. 
Qrovks, F.K.S., »lid WlLiLm Tborp, B.Se. 

"Vol. T. — Fuel and its Applications. By E.J. 

Mills. D.So., F.R.S., and F. J. Kow*ii, C.E. Koyal 8vo, with 

Vol. II.— Lighting, Fats and Oils, by W. Y. 

DttBT. Stbirihb iMDUBTiir. by J. McAhthuk. Cinclb MiBU- 
FiCTURE, by L. FiKLD knd F. A. Fieiji. Thi Pktholeuh 
Irdustht AMD Limps, by Bovertoh Redwood, Miheeis' Sifbtt 
LucFs, byB. Bbdwood and D. A. Louis. Boysl 8vo. wltb 3SS 
Bnjp^vlnga and Uap, SCfl- 

VoL III.— Gas Lighting. By Charles Hunt. 

with S Flutes and £«S EognlTingi, Bvd, ISt. 

Cooley's Cyclopaedia of Practical Receipts, 

SDd CnU>t«n1 InfoFmatloD In the Arts, MiDufutum, PrDteuioni, 
BJid Trad«g t Including Medlaiue, Phsrmaa;. HyKlene. nod Donwitic 
Bcongmy. Sereutb BdlCInn, by W. North, U.A. Ciunb., F.C.8. 

a Vols.. Boy. Sio. »<th 3T1 Bngravinip, «3g. 

Chemical Technology : a Manual. By Rudolf 

TON WiotnsR. Tnnttated and BdHed by Sir WiLUAM Obookbb, 
F.R.8.. trom the Thirteenth Enlarged German Bditinn aa remodelled 
by Dr. Fkrdievahd Fischeb. 8td, with 50fl Hngravlnga, 32t. 

Technological Handbooks. Edited by John 

OtKnirtiB. F.I.C., F.C.S., and Juibs Ciuebon, F.I.O. 

Brewing, Distilling, and Wine Manu- 
facture, Crown flvo, with BngraTlne;!, fta. Ad, 
Bleaching, Dyeing, and Calico Printing. 

with Formuln, Orown 8vo, wllii BngrsTingi. bt. 

Oils, Resins, and Varnishes. Crown 8to, 

with HngTsvlngi, I>, Sd. 

Soaps and Candles. Crown 8vo, with 54 En- 
Chemistry an Exact Mechanical Philosophy. 

By Phed, Q. EnwiBDH. Illnatrated,8vQ, 3>, 6d. 

TheQuarterlyJournalof Microscopical Science. 

Edited by B. lUl LASKB8TIB. U.A.. LL.D., F.B.S.; with the w- 
.. W.F. B. Weldoh, M.A., 

..S. Each Number, Ida. .., 
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3. S( A. C!hurchiU*a Recent Worka. 



Methods and Formulee used in the Preparation 

of Animal nod VegeUibla TlBBueo for Hicrotooplml BxAmlDBUon, In- 
oludlDg the BteJulDg ol Bacteria. By FlTIB WviTT SquiBB, F.LB. 
OrownSyo, 3t. M. 

The Microscope and its Revelations. By the 

late WiLLUH B, Oibfebteb, C.B„ H.D., LL.D., F.B.S. Seveotb 
BdltldD. by ths Bev. W. U. Daixuiqbr, LL.D., P.K.8. With 31 
Flatn and 800 Wood Bngnvlnii. Svo.aSi. Hall Gall, 30a. 

The Microtomist's Vade-Mecum : a Handbook 

of the H«tbad> of Uloroioapla Anatomy. By Abisuk B1IU.U Leb. 
Firth BdlUoD, Svo, ISl 

Photo-Micrography (Guide to the Science of). 

By Bi>ir.iJU> C. Bouspisld, L.B.O.P. Lond. gvo, with 3i Bngnvlnsa 
and Fnmtlipieoe, Si. 

An Introduction to Physical Measurements, 

with Appandlce* on Ab»late Blectricsl Ueaaurementi, etc. By Dr. 
Y. KoHuuuBCH. Third BaiUon, tisn.laltd from the wventh 
German editioD. by Taoiua Uutchihsoh Wxu.sh, B.A., B.Sc., and 
HkrBi BiOBiasBOH Pboctsb, F.I.C, F.C.B. 8vo, with qi lUui- 

Tuson's Veterinary Pharmacopoeia, including 

the Outlinu of Materia Medlca and Therapeutia. Fifth Bdltlon 
Bdlt«d by Jihbs Biime. F.C.S.. ProfeHor ol Chemlitrj and 
Toxicology iD the Boyal Veterloaiy College. Crown Svo, Ti, Sd. 

The Veterinarian's Pocket Remembrancer : 

being ConclH DireotionB for the Treatment of Urgent or Bare Oaaea, 
By Qtata-a Auuuei, U.B.O.V.S. Second Bdltlon. PoM Svo, 3t. 

Chauveau's Comparative Anatomy of the 

Domeatloated Animalg. Bevljed and Bnlarged, with the Oo-operatlon 
ol 8. ABLona, Director of the Lyoni Veterinary School, and Bdiled 
by aEOHSE FuHiire, C.B., LL.D., F.B.C.V.S., late Prjuoipal Veleii- 
nary Surgeon of the Brltl^ Anny. Seooud Bngllih Bdltton. Std, 
with 686 Hngiavlngg, 31a. M. 

Human Nature, its Principles and the Principles 

ol I^aiognomy. By pKisictBi. Fart I., Imp. ISmo, ila. Fart II. 
eompletlng the work), at. M. 

Encyclopaedia Medica. Edited by Chalmers 

WaUon, U.B., H.R.C.F.H. In about 13 Votumw, aoa. each. V0I1.I. 
to IH. now ready. 
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Inna ro I. A A. Ohubohiu.'s 



Buiwa' <B.) Obftetric Operatloiu, 8 

B«le (L. 8.) DQ Uvtr. 13 

Blight Ailments, 13 

Urinary and EenalDeninge- 

m«iU,3a 
B«le (P. T. B.) OQ Bleinentor]' 

BIoIoe;, 3 
Beuley'a Book of Freseriptioni. 8 
Druigiita' QanMsl Beceipt 

PhumaoeulFical Farmu- 

Ury.a 
BeH on Staribtv, 8 
Bellamj't Surgical Anatoray. a 
Bentler and Trimen'i Uediclnal 

BeDtlej'i Bf ildmatlc Botany, ft 
BerkartTg Bronclilsl AaUima, 13 
Berniwrd on Btanunering, 14 
Bigg's Short Manual of Ortliopady, 

Biroh'A Fraotlcoi Phyeioiogy, 3 

Bloiam'a Cbemlitry, K 

— labomtorf Teaching, 35 



inrgloal ethology and 
Uorbid Anatomy, 17 

an Oallitonei, 15 
'• niaydn) Uidwifery. 6 
- Btngvonn. "^ 



BuUtey on SUn. il 

Bnickbardt and Fenvlck'a Attai of 

Bleotrlo Gyaloaoopy, 33 
Burdett'a HoipiUlB and Aayinmt ol 

thBWorid,! 
Butier-Smythe'a Ovariotomlea, 8 
Butiin'a OpeiatiFoSursaryolUallg- 
nant Diaeaae, 31 

Sarooma and Oarciooma, ifl 

IbilonsDt Diieaia o[ the 



I Dleeaaea ot Uie Hercoua 

- Perii^M^NenritiB, 11 

- SimulaUonofUyttoria.ll 
I'a Oiia, Iteaina, and Var- 

— hea. 37 

and Candlea, S 



Soap* and Candlei 

Oarpenlcrand Dallinger on t> 

croacope, 38 
Oautlej on Fefdlng Infanta, 7 
Obarterii' Practice of Hedlolm 
Chauveau'a Comparative Anal 



lUi- 



Olarke'a ^eatraiu, II 



oa Hentol 

I QoantltstlEe 



Oooper'i Sypbllii, 33 
Oooper and Hdwania' Diaeaoei 

Bectuni,34 
Oorbin and Stewatt'a Phyalc 

Chemlatry. 34 
Crippi' (H.) Ovariototny a 




Dans on H 

Day on Heaoacnei, lo 
Domvilla'a Maniul tor Hunea, 7 
Doran'i Oynacological Opera tlong, 8 
Dniltfa Burgeoo'aVade-Meoum, 18 

easa in Tropica. 10 

[Continued on next pagt. 
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l«DSi n 1. 1 A. ORTMaai.'a Ou^Loaja amtimM. 



■dnrili' Obeniatr;, JT 
Wlli> (T. 8.) Uumui Foot, IS 
BnoyolupwUa Medin, as 
Tuin'i Piinciplei and Fnotin of 

TiediclOB, 10 
Piyrar'i OllnuiU and r«Ten of India, 



F«Dwick (E. H.). Hleotiic tllui 
*— -^— SymptomB ol Urioar] 
Tumoun oi Bludder. . 



The 8i>liv» u a Tait, la 

Fink'i Operating [or Cataract. 10 
Powleri Ulctlonary ol Pnctit 




GLmletM'a Hyiiedi 
Qlaisiugtor' "— ' 

tjodiee'i Atlu i 
IJoodbart' "' 



IB. Dyeii 
iTwntin 

l^nufacture, 37 

'DsuUI Uatsrra Medl- 



tChlldie' 



il Medici 



UedkcaL OplitbalmoKopy, IJ 

SyphtUa and the Nervoii 

System. 13 
OmnvilleDnOout, U 
QrecD'a Uanual ot BoUny. 9 
^— Vcgalable Phyiiology. » 



Qufi Hoipltal ReporU, 11 
UiWahoD^a Dlaaawa of the A 

Halga U'rla Add, 13 



oltheBye, le 



Hesth'i Oertaln Diaeut 

JI1W..17 
Clinical Lectur 



Operative SurgBry, 17 

Ptaotiial Anadnny, I 

HedlBy'a Therapeulio BieoOiolty, 9 
Helliera Notea on Hynawologioal 

SuniliiK, 7 
Hewlett'i B^tArLDlDKT' 4 
Hlli on Cerabrai Circuiation, 3 
Hinciifeld's AtLu o[ Central Ner- 

HoCden's Hnnuin OBt*ology, 1 



s' Vade Uecum, 



Horton-Sniltb on Typhoid. 14 
UortWt DiHwei Dl On Bar. 19 

Human Hature and PliyaJ '•giioiny,3S 
Hyalop'i Ueuisl Fhyilalog;, S 
Impay on t.eproay, n 
Inbnd'a Mental AfteoUouB ot 



Jeliett'i Midwifery, 6 

' GynEECoiogr, 6 

Jeaaop'a Opbtlialmbi Surgery and 

lledlfline. IS 
Johnion'i (Sir Q.) Aaphyiia. 13 
Uedical Lectimi and Ba- 

(A. B7i Analjifa Com- 

[OmCiinwd an next pagt. 
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hn>Kt TO 1. 1 k, OauMnux*! Oiruosi 



Kslkigg on HanMl DlteHU. S 
Eel;ruck'a Pktbalogiit'i H&ndbook. 

Key«' Qeaito-Urliury Orguu and 
By|>hlUt,33 

EohlnuiKh'i Pbyilwl Ueuure- 



IdJiidon'Down'a Menial A 



Laiuui-Birlonr'i Gensnl Patlio- 

Dte'i Wcrntomltt'i Vndfr^Heoum, 98 
LMCbsr'g Baoent Uiit«Tlii Usdio, 
Lewli (BevHn) DD Ihe Hiwum Bnln, S 
Llehreloh (0.) on Bom. snii Boncio 

Usbrafob'a (B.) AUsi a( OphUuOmo- 
Lucu^i Pnotlcsl Pbarmicyi 8 
HuHudu'b Glluloal Obcmlitiy ol 



HcNdir* iBobtloQ Homlla 
Ibloolm'i Pbydologf o) Di 
Hu«C on BeipinClon. 2 



urgery o( Alimentary 

Msyne'B Uediotl Tocabnlary, 3i 

Hlorotooplral Jouroal^ 3T 

mill tLnd Bonn*! Fual and Iti 

AppUrsUom, 27 
Mooie'i (N.) P«taiol(«lo»l Anslomy 

lift, 10 
!., for 

Anktomy ol JoiuU, 3 

HoDtUn'i (MbuhII) Surgery, Id 
NflttJHhlp'i DIhhm of tlia Eye, 18 
NoUer tad Hitb'a Hygiene, 3 
Ogle on IVmpuiltn, IS 
OBveft AMmaimi Tumoun, S 

Opbth^mlo (Boyil LondonjHoipltal 
Beportg.ie 



OpbtbalmologleBl Soelety'a Tnn*- 

■OtlODI. Ig 

OrmBrod'i DiHuea ot Uie Nerroii* 

Syitem, 18 
Owen's <J.) Diieuea ot Womon. t 
Puku' JB.A.) PraoBlnl Hygiue, 3 
Pu-kei' <L. a.) BLsmenU of Health, 1 
PBvy'8 Carbohydratet, 13 
Pereira'i SeleoM » PreMriptH, 9 
PhlUIpe' MstcrLi Uadln and Therk- 



Rlchardui 

ao 

BIchmond on Antiiepblo, T 
BobflrU' (D. Lloyd), ProcticeoC Hld- 

BobinaoD ■ (Tom) Botema, 31 
Illiutrstloiu or Skin DIa- 

Syphllla,'ai 

BoBs'a DlaesBfit ol the Karraua Sya- 

3t. Tbomu'a HoapiUl Beporta, 11 

Heart, 13 
Scotfa ACIm of UrIn»ryIlepJait», 2.1 

Bhaw-Uackenile on MaUiraal By- 

Sbort Diolionary of Modloal Termi, 

U 
Sllk-a Manual o( flitroua Oilde, 30 
8mith'a|BmBat),DentiilM8tiilliugj, 

(Bintaoe) CUnloU Studies 

blaeua In Children, 7 

WutinK Qlieuea ol Infultl 

Bmitb-a (J. Qreig) Abdominal Sur- 

Smi^'a (Prleatley) aiauooma. 1ft 



Beappear&nce of Cancer, 31 

Solly'i Heilli»l CUmaU>logy, IS 

ICentamai on urt pojM. 
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Inm *o J. t A. OBDMrnu.** fljrmiBP M wi l i — < . 



SouthBll-iOgmali 
Bqulre'a {FT Oompt 
Phu-muoi 
London Ht 



litalt'phUDU- 



Uethodi ■ 

SMrHua Blerasnt 



oan Phy 



WMrlDlocTi 11 

i Murpi?. HyKil 

'olumetrioAniiry. 



T 3 



J% B«OWriology 

SuUioii'i(I'.)Vo . , . 

SaUoa'B (J. B.) 0«ne«] PsUwIagr, ! 
Swidti'a Surglnl Bmaivsncleg, IB 
Smyns'i Obitetiic A^oriinu. S 
Tkrlor'i (A. S.) Hedlcal luriaprn- 

Tiylor'i (T.) Fnetieeor Medicine, 10 
Thln'i CmncenHi* Afleotlona of the 

Skin, ^ 
Patfaolc^ mod TRBtment of 

RlDgvorm. 33 
— — PsIloHi or " SwuB," 10 
Thomiaoo'i (Sir H.) CkIouIoub DJi- 



'DlHI 






— Strloture ol the Ure- 

tbn,33 

— SupripublQ Opentlon, 

— Snnery ol the Urln«ry 



Inneryof 1 



ToUd'i Svuopili ol Hurgery, IE 
Iddih' <0. S.) DenUl Aubnny, M 

{J. 1 0. 8.)I>entalSuTgery,ao 

ToDth'a B[diul Cord, 14 
TreTHuul Luig'i Qemuiu-BngUih 

Tuke*! Dlctimiry of Findudiwliial 

Uedldne, ( 
Tuaon'i Veterinary Ph»nn»oopi»U, 

VftlentlDudHodirkiiuon'iPruUnl 

Cbemigtry, X 
VJntru on tbe Ulnenl Waten. ato. . 

of Fniue, IS 
WuDer'B Cbemlol Teohoology, 31 
WiUwe on DentU Oarles, ») 
W&labuu'tSuraeryi Iti Thaory uid 

PiMtloa, 15 
Wulng'i IndUn Buur Hedloinet, 

;- Pnotlnl ThanpeuWo*. B 



WenmliuUr Uoipltal Beporl^ 11 
Wblte'i (Hale) Haterls Hedks, 

Fharnuoj, eta., 1 
Wllka' DIkuh of the Henroul Syi- 

Wikon-B (Sir B.) ADatamltt'a Vade- 

Wll»n'i (O!) Handbook ol Hydane, 

WoUe'i Dlieuet and lajuric* of the 

Bye, 18 
Wynter and Wethered't FnatlMl 

Pathology, 3 
Teu Book ol Phan 
Yeo'i(O.F.)lIiuiua 



S.B.—J. •tA.ChUTChUTtlargerCalaiogtitofabofae'MmirtxinATialoiHv, 
Phyriologv, Sygitne. Midieiitrv, Maitria Xediea, Medieine, Saritry. 
ClientutTy. Botany, ttc.tU; tcith a tmmpteie iTtdexlotkarSubiecli.Sortatt 
rejerenee, viiU it forwarded poel free on applfca(ton. 



AxEHici.— /. (t^. Chweliill beingincomlma ammaaiicatUmtcUhtiaTiotit 
jiubliiAing houiee in America are able to condud segaliationi favourable te 
Eagliah A\U)iots. 
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